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AEROSPACE 


CHINA CONSTRUCTING HIGH-ALTITUDE TEST CELL 


Beijing GUOJI HANGKONG [INTERNATIONAL AVIATION] in Chinese No 6, Jun 87 
pp 20-21, 56 


[Article by Liu Daxiang [0491 1129 8207] and Zhou Hanzhong [0719 3352 1813]] 


[Text] A high-altitude test cell for aircraft engines is a large-scale test 
facility designed to study or verify engine performance by simulating flight 
altitude and velocity conditions on the ground. It was developed in the 
1940's to meet the test requirements of supersonic aircraft engines. By the 
1960's, as flight altitude and velocity continued to increase and mobility 
continued to improve, it became necessary to use high-altitude test cells 
not only to test engine performance and capabilities, but also to conduct 
part of the endurance tests for verifying the structural strength of engines. 
For example, according to the U.S. Federal Aviation Regulation FAR 33, 
“Flight Qualification Standards: Aircraft Engines," supersonic civil air- 
craft engines must be subject to 150 hours of endurance tests, of which 30xl 
hours must be conducted on a sea-level test cell, and 30x4 hours of tests 
must be conducted on a high-altitude test cell. According to U.S. military 
specifications, MIL-E-5007D, 65 hours of the 2x150 hours of endurance test 
should be conducted on a high-altitude test cell in order to simulate the 
maximum inlet temperature and pressure conditions that may occur during 
flight. In 1973, it was pointed out in a report published by the joint 
investigating team of the Department of Defense and NASA that the development 
plan of a modern propulsion system should require 50,000 hours of test on a 
high-altitude test cell and should occupy 3-4 test chambers. Therefore, 
without a high-altitude test facility, it is impossible for a country to 
develop high-performance aircraft engines on its own. 


At the present time, somewhere in southwest China, a high-altitude test cell 
with continuous air supply--the 101 test celi--is under construction. This 
test cell has been completely designed and manufactured by Chinese engineers 
and technicians and most of the equipment has been provided by domestic 
suppliers. In an effert to develop China's aviation industry, considerable 
design and preparation work had been done before a decision was reached in 
1970 to begin construction of a high-altitude engine test cell. H4owever, due 
to the 10-year political turmoil and shortage of funds, equipment installa- 
tion for the first phase of the project was not completed until 1979. The 
tuning and testing equipment and system performance began in 1980; the results 











showed that basically they all met design requirements. Initially, the test 
cell was used to conduct tests of direct engine exhaust into the atmosphere. 
In particular, the high-altitude performance tests of a certain engine in a 

uniform flow field and its certification test in a distorted flow field were 
successfully completed. Now the second phase of the construction has begun, 
and the entire facility is expected to be completed and ready for service in 
the near future. 


Major Components 


The 101 high-altitude test cell corsists of the following components: the 
air supply station, the air treatment system, the gas exhaust system, and 
the test chamber. 


Air Supply Station. It has 14 compressor units which are used for both air 
supply and exhaust; they are located in two separate buildings (Figure 1) 
[photo not reproduced]. Ten of the 14 units are DA3500 compressors driven 
by the TDY-12000 synchronous motor; four units are DA1000 compressors driven 
by the TKE-5000 asynchronous motor through a speed-augmentation box. To 
provide flexibility, most units can be used either for air supply or for gas 
exhaust; only 6 DA3500 compressors are designated as exclusively gas exhaust 
units. 


Multiple compressor units are used primarily because of the following con- 
siderations: 1) To meet the flow rate requirements under certain test 
conditions, multiple compressors connected in parallel are needed for air 
supply; 2) to simulate the ambient pressure condition during high-altitude 
flight, multiple compressors connected in series in two or three stages are 
needed for gas exhaust. Therefore, generally the high-altitude test cell 
has a very large air supply system, and its valves, tubing system and 
operating/control system are very complicated. In order to ensure safe and 
coordinated operation under different test conditions, each unit is equipped 
with a fixed pressure ratio regulator, an antisurge system and hydraulic non- 
return valves. Based on the tuning and test results, all the compressor 
units and auxiliary systems have demonstrated their reliability and their 
ability to satisfy the test requirements. 


Air Treatment System. Its main function is to provide cooling or heating 
treatment to the air supply. The cooling system consists of the following 
components: ammonia refrigeration unit, water vapor separator, silica gel 
dryer, cyclone vacuum cleaner, and expansion turbine. A portion of the air 
from the air supply station is first cooled from 40°C to 5°C by the ammonia 
refrigeration unit. This low-temperature air can be mixed with the warm air 
and fed directly into the test chamber; or it may be further cooled to a 
temperature of -70°C through the expansion turbine, and mixed with the 5°C 
air to achieve the required air flow rate and temperature at the inlet of 
the test engine. 


The heating system consists of three large furnaces using natural gas as fuel. 
The supplied air can be heated to a temperature of 500°C, then mixed with 
unheated air to meet the inlet air temperature requirement for the engine test. 








Gas Exhaust System. Its function is to maintain the required static pressure 
in the test chamber by cooling and compressing the high-temperature, low- 
pressure engine exhaust before releasing it into the atmosphere. In addi- 
tion to the exhaust compressors, the system also includes the exhaust 
diffuser, the exhaust cooling unit, the water circulating and softening 
System, and the exhaust pressure regulator. The exhaust diffuser uses the 
engine exhaust to raise the static pressure of air in the test chamber, so 
that the dynamic pressure at the inlet of the compressor is increased, and 
the required number of exhaust compressors can be reduced. Therefore, the 
diffuser in effect can be considered as “the first-stage, high-volume exhaust 
unit.” 


The function of the exhaust cooling unit is to cool the high-temperature 
(1,700°C) exhaust gas from the engine to a temperature of 40°C-50°C in order 
to meet the temperature requirement of the exhaust unit, and at the same time 
reduce the flow rate of the exhaust gas by a factor of 6. Therefore, it also 
reduces the load of the exhaust unit. The unit has three stages; the first 
two stages are indirect heat exchangers. Specifically, the first stage 
lowers the temperature of the exhaust gas from 1,700°C to 1,000°C, the second 
Stage lowers the gas temperature from 1,000°C to 150°C. The third stage is 
the flame extinction section where the gas temperature is further lowered to 
40°C-50°C by direct water spray. In designing the cooling unit, certain 
blast-prevention measures are taken; also, the first stage of the unit is 
equipped with six blast-prevention torches to burn off any residual fuel gas 
mixture. These torches must be lit before the engine test can begin. The 
spray of water in the flame extinction section also prevents residual flames 
from propagating backward and damaging the exhaust pipes. At the end of the 
cooling unit there is an exhaust port 2 m in diameter which can be used for 
engine sealing and unsealing. It also plays a protective role when excessive 
pressure develops inside the cooling unit. The operational safety of the 
cooling unit is further ensured by implementing certain measures in the test 
procedure. 


During testing, cooling is provided by the first two stages of the cooling 
unit by circulating softened water. The forward section of each stage is 
equipped with a pressurized water-spray ring, which is used to remove the 
dirt and deposits on the heat exchange pipes and front plate in order to 
avoid corrosion of the cooling pipes and maintain heat transfer efficiency. 
Steam heating rings are installed in front of the flame extinction section 
and on the by-pass pipes to protect against freezing when they are exposed 
to air flow at sub-zero temperature. When the temperature drops below 5°C, 
steam is automatically released from the ring. When the facility is idle 
for an extended period, the cooling water jackets and pipes are filled with 
anticorrosion liquid to prevent rust and corrosion. 


High-Altitude Test Chamber. The chamber has a sectional type design which is 
23 m long, 3.7 m in diameter, and weighs 140 tons. It is divided into two 
sections separated by a partition which is equipped with a flow meter. To 
achieve uniform flow in the flow field, the forward section of the chamber is 
equipped with fairing grids and screens. 








The rear section of the test chamber has a removable cover; inside the chamber 


is a thrust fixture for holding the test engine (Figure 2) [photo not repro- 
duced]. To prevent damages to the test chamber due to an accidental explo- 
sion, the chamber has 10 blow-out windows each 0.6m in diameter. In order 
to protect the sensors and lead wires during test, the temperature of the 
test chamber is kept below 120°C by pumping fresh air (approximately equal to 
1/20 of the engine flow rate) into the chamber. To ensure the success of 
engine tests, the facility has 17-18 different test units and a special 
control room equipped with a complete set of controls to meet specific test 
objectives. In addition, there is also an automatic data collection and 
processing system which can provide sectional displays and warnings, and 
produce test results (data and curves) within 2-3 minutes. The number of 
measurements per test can be as high as 1,000-1,200 points. 


Range and Capability of the Test Facility and Test Items 

When the sea-level static flow rate of the test object (turbojet or turbofan 
engine) is 120 kg/sec, the maximum simulated altitude of this high-altitude 
test cell is 25 km, and the maximum simulated Mach number is 2.5. 

An illustration of the operating principle of the 101 high-altitude test 
cell is shown in Figure 3. It is not considered a large facility compared 
with other test cells built by developed countries, and its capability is 
rather limited, but upon completion, it will be able to perform the follow- 


ing types of tests: 


l. High-altitude engine performance test (altitude-velocity characteristics 
and throttle characteristics); 


2. Common operating characteristics of the major engine components within 
the entire flight envelope; 


3. Engine “windmilling” characteristics; 

4. Mid-air starting boundary and re-ignition range; 

>. Extinction boundary of the main combustion chamber; 

6. Ignition envelope of the afterburner and its stability boundary; 

7. High-altitude engine transition characteristics (including fast and slow 
acceleration, deceleration, emergency acceleration, closed and open aft: r- 
burn); 


8. Effect of flow field distortion on engine performance; 


9. Test of adjustment requirement for the main combustion chamber and the 
afterburner; 


10. Partial endurance test, strength and vibration tests. 






































Figure 3. Block Diagram Showing the Operation of ATF 


Key: 
1. Water reservoir 8. Cooling unit 
2. Exhaust 9. Mixer 
3. Power supply transformer 10. Expansion turbine 
station ll. Inlet pressure regulator 
4. Variable-frequency power l2. Test chamber 
generation 13. Exhaust cooling system 
5. Air supply 14. Exhaust pressure regulator 
6. Fuel supply 15. Cooling water circulating 
7. Heating unit system 


In addition, the 101 high-altitude test cell can also be modified to study 
the effect of certain environmental conditions such as icing and deicing, 
starting in cold and hot weather, simulated high-elevation starting, and 
distortions in dynamic pressure and temperature. 


During the past 10 years, significant progress has been made in the construc- 
tion of the 101 high-altitude test cell. Test results from the first phase 

of construction show that the performance of the equipment and systems such 

as the power supply system, the air supply system and the test chamber all 
reached or exceeded design specifications. In particular, both the inlet 
pressure and temperature can be regulated to a high degree of accuracy; and 
normal operation of the three-stage serial exhaust test unit can be maintained 
even when the inlet pressure drops below 0.015 kg/cm2. It is expected that 
after the second phase of construction is completed, the test cell will be 
able to meet the overall performance and design specifications. Based on test 
experience since 1980, we have established a test organization and a manage- 
ment team; we have also trained a team of highly skilled engineers and tech- 
nicians who are proficient in experimental techniques, simulation techniques 
and measurement techniques. The successful direct-exhaust high-altitude 
simulation test of a certain engine greatly enhanced our confidence. It can 
be predicted that the first continuous air-supply, high-altitude simulation 
test cell in Asia will be completed and ready for service in the near future. 


3012/6091 
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APPLIED SCIENCES 


WEIGHTED AVERAGING METHOD FOR IMAGE SMOOTHING REPORTED 


Beijing DIANZI XUEBAO [ACTA ELECTRONICA SINICA] in Chinese Vol 14, No 6, 
Nov 86 pp 85-90 


[Article by Wang Demin [3769 1795 3046] and Wang Qinglin [3769 1987 7792] of 
the Electronic Engineering Department, Shandong Engineering Institute; manu- 
script received in October 1985, revised in March 1986: "A Weighted Averaging 
Method for Image Smoothing" ] 


[Text] Abstract: A local weighted averaging method for image smoothing is 
presented. The weighting coefficients are simple continuous functions of 
the noise variance and the gray level difference between the center pixel in 
a 3x3 window and its neighbors. The method cleans noise effectively while 
preserving edge sharpness as well, and is computationally efficient. Tests 
show that the smoothing effect of this method is better than that of the 
reciprocal gradient weighted method. The results of applying this method to 
a real image are also given. 


l. Introduction 


The use of weighted averaging for digital image smoothing, while simultane- 
ously preserving edge sharpness, is a subject of considerable concern. Lev 
et al. [1] introduced a complicated weighted average method. However, it 
requires a great deal of computation and its smoothing effect is not ideal. 
In the method presented by Overton and Weymouth [2], the gray level differ- 
ence between the pixel to be smoothed and its neighbors and the spatial 
distance are simultaneously taken in consideration. However, it also 
involves considerable computation. Wang and “Yagnucci [3] introduced a 
reciprocal gradient weighted average method. Although its computation is 
simple, it cannot effectively eliminate noise. The recently published 
Sigma filter [4] is a special weighted method which can effectively smooth 
out noise. In addition, it has a strong protective effect on the edge 
where the amplitude fluctuation is large. Nevertheless, it is very sensi- 
tive to noise pulses. 


This paper introduces an improved weighted average method. It employs a 3x3 
window. The weighting coefficient is a simple continuous function of the 

noise variance and the gray level difference between the center pixel of the 
window and its neighbors. When the absolute value of the gray level difference 








is less than the standard deviation of the noise, this function has a large 
valve. It rapidly decreases as the absolute value of the gray level differ- 
ence increases. Finally, it approaches 0. This method is also quantitatively 
compared to the reciprocal gradient weighted average method. Finally, the 
results in a real application are riven. 


2. The Improved Weighted Average Method 


In this method, the gray level of a pixel is replaced by the weighted average 
of the gray level of its eight neighbors. Let us assume that the edge of the 
image is steep prior to noise interference. If the weighting coefficients of 
the neighboring pixels in the same region as the center pixel of the window 
are larger and those in different regions are very small, this type of 
weighted averaging can eliminate the noise in the image without blurring the 
edge. The absolute gray level difference between two pixels in the same 
region is usually less than that between two pixels in different regions. 

The difference also varies with the noise variance. Hence, we can define a 
function of noise variance and gray level difference as a criterion to deter- 
mine whether two pixels belong to the same region. The weighted coefficient 
is proportional to this function. 


Let us use x(i,j) to express the gray level of the pixel (i,j) in the image. 
The difference between x(i,j) and its neigh»soring pixel (i+k, }42) is 


DGi, 19% 1) ees +47 +1) — 2G, 7) (1) 


wiere k,i=—1,0,l and |k|+j1/30 (i.e., k and & cannot be O at the same time). 
"nm this paper, we are only concerned with the Gaussian white noise with mean 
value 0 and variance co“. In a flat region, D(i, i; k, &) obeys a Gaussian 
distribution with a mean of 0 and variance of of=20’. The probability of 
having D(i, j; k, &) im the range of (—@p, Gp) is 0.683. The probability of 
finding it in the range of (—@,—2¢,) and (20,,+0) is only 0.46. There- 
fore, the confidence level for a pixel x(itk, j+2) which satisfies the con- 
dition —0)<Di,jsk,1)<0, to belong to the same regicn as x(i, §) is also 
very high. The weighted coefficients of these pixels should also be larger. 
On the other hand, the pixels with D(i, j; k, %) larger than 2060p or smaller 
than -20p should have lower confidence level. Their weighted coefficients 
are small. When o,<!| D(i,i:k,1)|<205, the confidence level decreases with 
increasing |DCi,j;4,1)|. Based on the above discussion, the confidence func- 
tion can be defined as follows: 


l 
1+ LDCis ish 1)/e5)* (2) 





FU,nsk = 


Figure 1 shows the F(i,j;k,2) versus D(i,j;k,@) curve. When |DCi,7s4,1)|<o,. 
it has relatively large values. However, when |D(i,j;4,1)|>20,, its value 
drops very low. By substituting equation (1) and 0}=20’ into equation (2) 
we get: 


FU,iikt = 





1+CCi +k, +1) —20i, 1) 2/20" (3) 








Let the confidence coefficient of the center pixel F(i,j;0,0) be the largest 
among the eight F(i,j;k,2) (k,f = -1, 0, 1 and (&/+/1{!340). The weighted 
ccefficient is defined as the normalized F(i,j;k,%), i.e. 


Wi, inkp t)= LED (4) 
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where k,i = -1, 0, 1. The smoothed picture can then be expressed as: 


' ' 
11, p= >> > > Wink (2G +4,7 +1) (5) 


@e~-l tet 


F Uus,&.t) 








oo —«aae 
DU,4,.4,9 


Figure 1. The Confidence Curve 


In the above algorithm, the weighted coefficient of the center pixel is vari- 
able and is the largest among all weighted coefficients of the neighboring 
pixels. This maintains the leading role of the center pixel in the averaging 
process. in addition, it can effectively eliminate noise pulses. In order 
to demonstraie this point, let us assume that the pixel (i,j) is being inter- 
fered with by a noise pulse of amplitude N. Its gray level is x(i,j) = BAN. 
Moreover, all its neighboring pixels are not interfered with by noise and the 
gray level is B. Based on equations (3)-(5) we know that the weighted 
coefficients of all pixels are identical. After smoothing, the noise ampli- 
tude is reduced to 4/9. 


Equation (3) includes the ncise variance. When the noise characteristics of 
the picture are not known, the noise variance can be estimated from the flat 
region of the picture. In order to further improve the quality of the 
picture, this technique can be repeatedly applied. In the iteration process, 
the noise variance in Equation (3) must be estimated based on the picture 
smoothed in the previous iteration. 


3. Performance Evaluation 


The performance of the method described above was experimentally studied and 
was compared to the weighted reciprocal gradient scheme. For completenvss, 
the steps involved in the weighted reciprocal gradient method are given in 
the following. First, the reciprocal of the absolute gray level difference 
between x(i,j) and its neighboring pixel is calculated: 


BCi, Ky Ll / [ai th, +1 — 20, 1)! { 








where k,& = -1,0,1 and |k|+///+$0. Then, the weighted coefficients are 
calculated: 


Wi, is ky lL) =8Ci, iy hy 1)/220 BG, isk, VD 
W(i,j{;0,0) = 1/2. Finally, the processed picture is given: 


1 i 
IGD=D D WED +h FD 


ke-1 f=-1 


The picture used in the test is shown in Figure 2 [photo not reproduced]. It 
has 64x64 pixels and consists of two flat regions and a step edge. The gray 
levels of the flat regions are 40 and 60, respectively. In the picture, a 
computer generated Gaussian white noise of zero mean value is added. The 
noise variances are 40 and 100, respectively. The degraded picture is shown 
in Figure 3({a) [photo not reproduced]. After two smoothing iterations, the 
pictures are shown in Figures 3(b) and (c) [photo not reproduced]. We can 
see that the weighted reciprocal gradient method is less effective in smooth- 
ing out the noise. The method introduced in this paper, however, could 
effectively smooth out the noise, as well as protect the edge. 


In order to quantitatively evaluate the performance of these two methods, the 
method presented by Chin and Yeh [5] is employed. The mean square error in 
various spatial frequency range is used as an objective criterion to evaluate 
the fidelity of the picture. First, the picture is divided into different 
areas according to its spatial frequency components to calculate the mean 
square error between the smoothed picture and the ideal picture in every 
region. We divided the test pattern shown in Figure 2 into a flat region R¢ 
and an edge region R&. The edge region is composed of two arrays of pixels 
near the step. ‘ihe flat region includes the remaining pixels. The ideal 
test pattern shown in Figure 2 is expressed as g(i,j). x(i,j) represents the 
test pattern with noise and y(i,j) represents the smoothed picture. The 
relative value of the mean square error in the flat region can be computed as 
follows: 


E,= a, C¥Ci,7)—8Ci, 2) |, Peg LHD 8G DY 


tf. gure 


Similarly, the relative value of the mean square error in the edge region is: 


E.= 2, 2G, -8G, DP / BCG, i 8G, MP 


(a. preR, 


E¢ reflects the capability to smooth out noise and Ee represents the fidelity 
of the edge region. If the edge is blurred or the noise is intensified along 
the edge, Ee will be larger. 











Figure 4 shows the curves revealing the relation between Er and E, with 


respect to the number of iterations. 


From these curves we can see that the 


E¢ and Ew associated with the scheme introduced in this work are far less 
than the E¢ and Eg obtained with the weighted reciprocal gradient method. 
Based on this fact, we can conclude that this scheme is better than the 
reciprocal gradient method in both flat and edge regions. 
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Figure 4. 


4. Examples 
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The scheme introduced in this work has been used to process electron micro- 


scope pictures. 


was digitized into 256x256 pixels with 256 gray levels. 


Figure 5(a) [photo not reproduced] shows the original. 


It 
After adding a 


computer generated quasi-Gaussian white noise of 0 mean value and 400 
The pixels with gray 


variance, the degraded picture is shown in Figure 5(b). 
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levels less than 0 or greater than 255 are assigned with 0 and 255, respec- 
tively. In order to estimate the noise variance to calculate the weighted 
coefficients, the degraded graph is divided into 16x16 subregions. The 
minimum gray level variance in a subregion is chosen as the noise variance. 
Figure 5(c) and (d) show the results of the degraded picture after being 
smoothed once and twice, respectively. Comparing Figure 5(b) to (d), we can 
see that the quality of the picture is definitely improved. 


5. Conclusions 


The weighted method introduced in this work can effectively smooth out noise 
and protect the edges. Its smoothing effect is better than that of the 
weighted reciprocal gradient method. The computation is also simpler. 


By changing the index in equation (2), or op, this smoothing method can be 
extended. The extended confidence function is 


l 
1+C|DCi, 75k, 1)|/C)’ 





F(i,7sk, = 


If the exponent p is greater than 2, its ability to protect its step edge will 
be improved. However, its noise smoothing effect will be compromised. The 
limiting case for p is (p+co), which is a Sigma filter [4]. It cannot 
filter any noise pulse. In order to improve its ability to smooth out noise, 
a larger C can be used to replace the op in equation (2). However, unless 

the amplitude of the edge is very high, the edge will be blurred by this 
change. 
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[Excerpts] Abstract: A new layered piezoelectric ring transmission trans- 
ducer is developed. The wide-band principle and structure design of the 
layered ring are analyzed. The properties of the device, such as low 
frequency, wide band and horizontal non-directivity, are given. The results 
can be applied to the design of layered underwater sound and ultrasonic 
projectors with cylindrical piezoelectric ceramic rings. 


Ll. Introduction 


In hydroacoustic electronics, low frequency, wide-band emitting transducers 
without any horizontal directivity are widely used. As theories in elec- 
tronics, signal processing and hydroacoustic propagation are studied in depth, 
and complex pulse wave forms are used in large quantity, there is an urgent 
need for a wide-band emitting transducer. The conventional single ring 
transducer also has certain disadvantages such as large size, inadequate 
width of frequency response and difficulty in operating in several pulsing 
modes. To this end, some researchers in China (such as research fellow Xu 
Qichang [1776 0366 2490] of the Acoustics Institute of the Chinese Academy of 
Sciences and Lin Guozhong [2651 0948 0022] of the 706th Institute at Hangzhou) 
introduced a fitted ring structure as a low frequency, wide band sound source 
[1]. This design concept is further developed in this work. It includes 
coupling the frequency response of the radial length of the radial resonance 
and the axial resonance of the single ring based on a mathematical model of 
driving the entire inner ring, adjusting the ratios of the area and height of 
the outer emitting ring to the outer diameter, selecting the size of the 
driving ring, transmission ring and outer emitting ring, changing the damping 
factor, compliance, quality and equivalent mechanical Q value of the layered 
ring, and obtaining the optimal sound impedance match. 





This layered ring that the author developed has the following advantages: 
1) it has a wider emission frequency response composed of different modes; 
2) it has a flat response extending toward lower frequencies; and 3) it has 
the best electroacoustic efficiency with identical PZT volume. 


The results obtained show that the calculated frequency response based on the 
physical model and the measured value are in good agreement with small signal 
excitation. It was found that the emission frequency response is flat in the 
range 9-20 kHz (fluctuation less than +] dB). The electroacoustic efficiency 
in the wide band is 60 percent. This new device not only can be used as an 
underwater sound source but also in ultrasound processing. 


Il. Principle 
1. Radial Direction and Length Coupled Transmission Frequency Response 
(1) Transmission Frequency Response Near a Radial Resonance Point 


Based on the electromechanical equivalence diagram of the radial vibration of 
the ring and the radial transmission principle [2], we know that 








_S. = A, o* 
Sox 20 log Dor V (i — Q*)? + Q"/Qi. 


where S, is the transmission sensitity and S.p is its value while in radial 
resonance, ao is the scattering constant and agp is its value in radial 





resonance, 2 = f = = + and Qp,, is the equivalent mechanical quality factor 
R R 
of the radial resonance of a single ring. This equation is a normalized 
frequency response near the radial resonance point wp with a damped piezo- 
electric ring (when t€a, L<2a, where t is the wall thickness of the ring, 
a is the average diameter of the ring and L is the ring height). The width 
of the band is primarily determined by the quality factor of the radial 
mechanical resonance [2]. 


Qnn16 x —— 


If the layered ring structure satisfies the following assumptions that: 1) the 
external irradiating ring and the transmission ring are made of assembled 
separate gear structures; 2) the characteristic specific impedance of the 
external irradiating ring and the transmission ring is several times less 
than that of the PZT driver ring, but the Young's modulus should be as close 
as possible; 3) the piezoelectric driver ring is excited by an intermittent 
alternating electric field. The frequency response formula for a radially 
emitting ring is in principle still applicable to the layered ring. The 
mechanical quality factor of the layered ring is 


wm Po wig t 2 
(Qpm) layered = Ra = q Qre~16—— q (1) 
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where m), ™), and R,; are the equivalent mass, angular frequency and equiva- 
lent damping factor (primarily radiation) of the layered ring, respectively, 


when it is in radial resonance. p= /_™1 and m 

™ single 
radial mass of the inner driver ring. q is the ratio of the emitting area 
of the external irradiating ring to that of the inner driver ring. 


single is the equivalent 


Based on equation (1), if p and q are adjusted so that : <1, then it is 


possible for a layered ring to have a lower ring than a single ring. The 
lower Q is, the wider the frequency response band will be. Therefore, a 
layered ring is superior to a single ring. 


(2) Axially Coupled Radial Transmission Frequency Response Near an Axial 
Resonance Point 


From the equivalent circuit diagram of the ring and the principle of radially 
transmitted acoustic signal we know that [3]: 


S, 


Sos =2010 | RET rey 








where S., Rg and R, are the transmission sensitivity, directivity factor and 
transmission resistance, respectively. Se], RL and rb are their values when 


{_.0 


x Que is the equivalent 
L W, 





it is in axial resonance w = w,. Q°= 
mechanical quality factor of a radial length coupled ring (Q,,, oom, 


where m, and R, are the axial equivalent mass and axial damping factor of the 
single ring, respectively). This formula is a normalized expression of the 
axial transmission frequency response near an axial resonance point under the 
special condition (when *€¢, L<42¢) with a damped piezoelectric ring. 


Similarly, if the three conditions mentioned above are met, then this equa- 
tion is also applicable to analyzing a layered ring. In this case, the 
radial length coupled equivalent mechanical quality factor is 


(Qi_) layered = ime ene Ot Than: Qe (2) 


where mi, wy and Ri in equation (2) represent the axial equivalent mass, 
axial angular resonance frequency and damping factor of the layered ring, 


respectively. n= os is the ratio of the damping factor of the layered ring 


to that of the single ring. 








Generally, n< 1. This is because a > ™» but a <u and the changes in 


' ' . 
(m, -m, ) and (w, -w, ) are comparable in axial resonance. Therefore, the 


increase in the radially emitting area with a layered ring will decisively 
increase its radial damping. In addition, it will also cause its axial 
damping factor to increase. Since a layered ring has a larger damping 
factor than a single ring, its radially coupled equivalent mechanical quality 
factor is lower than that of the single ring. Hence, the layered ring tech- 
nology can expand the radial transmission frequency response near the axial 
resonance frequency of the single ring. 


2. Frequency Response Characteristics to Radiation Impedance of the Ring 


There are two important factors in studying the frequency response of the ring 
to impedance in regard to the design of the layered ring. One is to adjust 
the peak of radiation response to impedance outside the axial and radial 
resonance areas. The other is to use the alternating variation feature near 
the frequency response peak to expand the emission band. 


(1) Radiation Impedance Response of a Finite Circular Cylinder (Ring) 


When a pulsating ring of radius a and height L is embedded in a rigid plate of 
infinite length, the radiation impedance frequency response characteristics 

of the ring in a sound transmitting medium are given in reference [1]. Its 
simple expression is (see Figure 1): 


Say Oba) + 5H Che) (3) 


where oc is the specific impedance of the sound propagating medium, S is the 
radiation area outside the ring, and k is the wave number. G and H are the 
resistance and reactance, respectively. 
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Figure 1. Frequency Response Characteristics of a Finite Ring to Resistance 
and Reactance (horizontal axis ka, vertical axis representing 
R./pcS and X,/pcS, dimensionless) 











(2) Simplified Model for Radiation Impedance 


Although the frequency response characteristics shown in Figure 1 can be 
obtained from rigorous mathematical equations, however, it is too cumbersome 
to use in practice. In actual engineering design work, an approximate func- 
tion can be used instead. For example, when L = 2a, we have: 





0.4ke ON 4092.5 4 

Gcka)= | ka>2.5 “ 
0.62ka O<ke<l 

H (ka) ={0.2- aa (ka—2.5) 1<ke<2.5 (5) 
2 ke 32.5 


Based on equations (4) and (5), we can draw a line such as the one shown in 
Figure 2. It has been proven in practice that the use of approximate linear 
functions to replace the rigorous mathematical expressions for H and G can 
still maintain sufficient accuracy in micro-computer assisted design of 
layered ring transducers. 





1.0 
0-8 


¢ 06 
w 04 


0,2 














Figure 2. Approximate Linear Function of the Curve in Figure 1 


III. Design 


Based on the actual requirements in the design of a layered ring structure, a 
micro-computer assisted design can be written by following two optimal 
principles: 


1. Optimal Bandwidth Design for Layered Ring 
The optimization of bandwidth is to obtain the lowest resonance and widest 


transmission response through the selection of the shape, size and material 
of the layered ring. The method is as follows: 
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(1) Selecting the Optimal Ring Height to Outer Diameter Ratio 


1) From Figure 1 we know that the ring height to diameter ratio is closely 
related to its frequency response to resistance and reactance. When a is a 
fixed value, the peak values of G and H will shift toward the low frequency 
end as L increases. For instance, when L is increased from 0.8a to 2a, the 
value of ka at the peak of GC will decrease by one fold. However, after 

L > 2a, the value of ka at G does not decrease significantly even when L/2a is 
increased by a great deal. When L/2a + ~, ka + 0.6. Hence, it is appropriate 
to choose L/2a = 1 for the low frequency response of the ring. 2) From 
Figure 1 we also know that choosing L/2a = 1 will also favor the low 
frequency, wide bandwidth c..ign feature. The ka value of the transducer at 
its radial resonance in wat.* is equal to the ka value at the reactance peak 
(H). The rising part of the transmission resistance response of the outer 
ring corresponds to the falling response of the layered ring transducer when 
it is going out of radial resonance. This will lead to the loss resonance 
(weakening of output power) which is compensated by the rising transmission 
resistance (increasing output power). The result is the extension of the 
flat frequency response to the low frequency end to the extent possible. 

3) From Figure 1 we also know that with L/2a = 1, when the ka value of the 
layered ring transducer at its radial resonance in water is equal to the ka 
value at the reactance peak (H), we can ensure that the transmission response 
to resistance and reactance remains essentially unchanged over a wide range 
after the radial resonance point. This is extremely important to a wide and 
flat frequency response. 


(2) Choosing the Optimal Equivalent Sequence and Equivalent Mass 


Usually, the equivalent sequence and equivalent mass are the same for a single 
ring. Once the dimensions of the ring are determined, its equivalent sequence 
and equivalent mass are fixed. However, the layered structure makes them 
separable. For instance, when the external emitting surface and driving ring 
remain unchanged, the equivalent mass M of the layered ring can be changed by 
varying the structure and size of the transmission ring and emitting ring. 

The equivalent sequence Cy of a layered ring is basically determined ty the 
smaller driving ring. The selection of M and Cy should obey the following 

two principles: 


1) The ka value of the external emitting ring at its reactance peak must be 
equal to the ka value of the transducer at its resonance in water. The 
mathematical expression is 


l , 


w,C 


where x} is the reactance peak of the layered ring when it is in resonance 
in water and w; is the radial angular resonance frequency of the layered 
transducer. 


2) The emitting acoustic pressure in the flat operating band must be equal 
to that in radial resonance to ensure that the flat frequency response extends 











further. This minimizes the fluctuation in the flat region. The mathematical 
expression for this principle can be derived as follows. 


We know that the emitting acoustic pressure perpendicular to the ring axis is 


= 7)" (a)? m 





where d is the distance between the reception point (along the sound axis) and 
the transducer, F is the driving force (which is a constant indepencent of 
frequency) and Rg = pcSG; [passage omitted] 
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Figure 4. Emission Frequency Response of Layered Ring Piezoelectric Trans- 
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Figure 5. Measured Horizontal Non-directivity Pattern of the Layered Ring 
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Track of Moving Objects on the Ground by HF Backscatter Technique" ] 


{Text} 1. Introduction 


In studying the problem of high-frequency (HF) back-scattering, there 

have been a number of papers discussing the case where the ground distance 
of the back-scattering source does not vary with time [4,5]. Generally, there 
are two different methods for solving the problem. In one method, a model of 
the ionosphere is assumed and vertical measurements are taken at the mid- 
point of the ionospheric layers; then the ray equation is solved to derive a 
relationship between the signal time delay, the ground distance, and the 
elevation angle. Finally, the ground distance of the scattering source is 
obtained. In the other method, no mid-point ionospheric data is required; 
it only uses information from the single-station backscatter ionization 
diagram. For the case where the ground distance of the back-scattering 
source varies with time, the first method still applies, but its range of 
application is limited because the scattering source is in motion, and the 
path reflection region is no longer fixed. In this paper, a new method is 
proposed; it is based on a previous paper [4] by this author in which a 
method of calculating the ground distance of a fixed scattering source using 
only the minimum time delay curve and the signal time delay is presented. 
This method does not require mid-point ionospheric data. It uses the 
measured group paths P; and Doppler frequencies Af; of the moving source 
from a single-station HF radar to calculate the ground distance of the 
moving target and determine its radial track. The measurements are taken at 
different times t; in the vicinity of the minimum time delay curve. In the 
remainder of this article, a derivation of the method is presented, and an 
example is given where the calculated results are compared with experimental 
data to illustrate the validity of this method. 








Il. Derivation of Mathematical Formulas 


The ionosphere generally exhibits a multi-layer structure. A transmitted 
ray can be reflected to the ground by one of the layers. At the same tine, 
a portion of the scattered wave can be reflected by the same layer or by 
another layer to arrive at the vicinity of the transmission point. Even 
with a single layer, more than two rays may be arriving at the same location 
on the ground. Therefore, a general solution to the problem of calculating 
the great-circle ray path from the group path is very complicated. In 
practice, the transmitted and received paths of most signals are identicai. 
In addition, the operating frequency can be adjusted so that the returns 
of the moving target will fall inside the signal observation zone (the 
atypic fuzzy zone) of the ionization diagram. Therefore, the following 
discussion is presented under the condition that the ionosphere is a single 
layer and the measured values are obtained in the vicinity of the minimum 
time delay curve. 


In Ref. [4], the author postulated that when the scattered returns of an 
object at a fixed ground distance approaches the minimum time delay curve, 
the relationship between P and f can be approximated by a parabola. If the 
coordinates of the vertex of the parabolic equation are denoted by (f5, Po), 
then: 


f— fp = K(P — P,)’. (1) 
Thus, for the ith observation of the ground distance S;, one can write: 
fy — fog = KAP, — Py)’. (2) 


It is shown from simulated P-f diagrams of multiple scattering sources with 
fixed ground distances that within a wide range of distances larger than 
1,000 km, the value of K does not vary a great deal. Hence, we can assume 
K; = Kp = *** = K, and obtain the following expression from equation (2) 


i= fe ( io ty (3) 
fies a fetes Pins _— Puss 


Experimental results show that a parabolic model of the ionosphere is a good 
approximation to reality. For a parabolic electron density distribution, 
the relationship between ground skip distance and minimum group path and 
frequency has been obtained in Ref. [1]. For a given frequency, the differ- 
ence between the minimum group path Pain and the ground skip distance Dajn 
is a constant, i.e., 


Pais = Du + C, (4) 


Thus, for frequency f,;, one obtains 


Py = Di + C,, (5) 
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where Pas is the minimum time delay and Dy is the ground skin distance 
corresponding to the frequency fj. 


If the scattering source moves radially with velocity v (positive if moving 
avay from the observation point, negative if moving toward the observation 
point), and let the minimum skip distance at time t; be Dy, the minimum skip 
distance at time t? be D7..., and let T, = 0, Ty = t2-ty, Tz = t3-t)..., then 


Py = Di + oT & Cy, (6) 


In general, the minimum time delay curve is very close to a straight line; 
at least it can be approximated by piecewise straight lines. Thus, as in 
Ref. [4], the equation of minimum time delay can be written in the following 
form: 


Pais @ Ky + Kf ruies (7) 


Within the range where the operating frequency does not vary significantly, 
we have Cj = Co = +++ = C*’. Introducing D = Dy; + C', we can obtain the 
following expression from equations (6) and (7): 


Kily @ D — Ky + oT 14 (8) 


On the other hand, numerical calculations [4] show that the difference 
between . and P, is less than 5 km. Thus, if we make the approximation 
Pa = Po» then equation (6) yields 


Py = D+ Ti, (9) 


By substituting equations (8), (9) into equation (3), one obtains the final 
result: 





( ii 2= x * oT iat \( Pie, -— D— oT.) 





= (tuo — Patel Np, — Do Tuy. (10) 


If only two consecutive measurements are considered, then the equation can 
be reduced to a simple second-order equation 


AD’ —-8BD+C —9, (11) 
where 


A = 2(P, — #T,) & (Kd, & Ke) — 2 (Ki, + Ky — #T,), 
B= (PP, — oT, + AKI, + KV — eT.) -F- 2P,( Kil, + Ky — #T,), 
C= (Ki, + KP — eT, — (Kih+ Kem oT Fi. 
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Therefore, D can be determined by solving equation (10) using an iterative 
procedure or by solving the second-order equation (11). Then, the parabolic 
equations of the backscattering source at different times can be derived 
from equations (8) and (9), and the minimum time delays of the return 
Signals at the corresponding times can be determined from the formulas given 





in Ref. [4]: Pais = Py + sfrnin = a= Ae, Finally, the ground distance 
1 


of the ground scatter source can be determined from the formula given in 
Ref. [3]: 


Sm 2recos™[ (45 + ri — Pain/4)/2rer:), 


where r) = ro + h, ry = 6370 km, and h satisfies the following equation 











hy > — Pia Paisk, _ Pain 
(ro + ) — To 2 K+ cK,P _ Pui. 2 , 
1+ c(Pu.— 2h) frais | 


where c = 4.7 x 107) km7!., 


III. Results and Discussion 

In order to test the validity of this method, we have processed the experi- 
mental data of over-the-horizon measurements of a civil airplane from a 
high-power, high-frequency radar, and compared the calculated results with 
the actual ground track of the airplane. Table 1 and Figure 1 show the 
measured data and calculated results of Flight PK752 based on measurements 
taken at the Xin Xiang Station between 13:49 and 14:00 on 19 December 1982. 
Table 2 and Figure 2 show the measured data and calculated results of Flight 
CA949 between 12:45 and 12:50 on 22 December 1982. It should be pointed out 
that there was no direct measurement of the minimum time delay curve; the 
data used in the calculation were obtained from computer simulations based on 
vertical frequency measurements at the Lanzhou Station. 























Table 1. Parameters Used in Plotting Figure l 
0 Measured value (Calculate Absolute 
perating ; ground 
frequency, Time Doppler | Group | ,froune.| distance] error 
(MHz) (Hz) (km) (km) (km) (km) 
20.5 13:49 32 1545 1370 1388 18 
20.5 13:50 32 1523 1356 | 1374 18 
20.5 13:51 32 1501 1340 1362 22 
20.5 13:54 32 1437 1296 1329 33 
20.5 13:58 32 1379 1234 | na 40 
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Figure 1. The Ground Track of the Airplane 


Table 2. Parameters Used in Plotting Figure 2 









































Laiculate 
Operating Measured value ground | Absolute 
frequency| Time Doppler Group Ground |distance | error 
distance (km) 
(MHz) (Hz) path (km) (ks) m (kn) 
22 12245 38 1591 1460 1482 22 
22 12:46 38 1577 1442 1471 29 
22 12:47 38 1563 1428 1461 33 
222 12:50 38 1533 1384 1431 47 
1600 
i “of == x 
Y 
1200p 








a 2773 46 47 48 49 50 
ft (min: 


— (real wack), 
(calculated track), 1982.12.22 


Figure 2. The Ground Track of the Airplane 


It can be seen from this example that the calculated values are in good agree- 
ment with measured data. Comparisons of a large number of measured and 
calculated data show that the difference between the two is generally less 
than 40 km, which is equivalent to a relative error of 3 percent. This is 
totally acceptable in most practical applications. 











The advantage of the proposed method is that the ground track of a moving 
target can be calculated by using only the Doppler and group time delay 

data from a single-station HF radar; also, only a small amount of data is 
required, and the computational procedure is simple, accurate, and practical 


In practice, the measurement accuracy of frequency is very high, whereas the 
measurement accuracy of the group path data is +10 km; thus, the measured 


dP mi 
minimum time delay curve, or the — - f£ curve, is discontinuous. There- 
fore, the measured minimum time delay curve must first be smoothed before the 





derivative can be computed. With the exception of magnetic storms, SID, 


Pm 
df 
TID, and strong Es screening, in general the minimum time delay curve can be 
measured and processed under all other conditions. In the case where there 
is a strong disturbance in the ionosphere, the minimum time delay curve 
cannot be measured or may be seriously distorted, and the HF backscatter 
signals are interrupted, then it becomes meaningless to apply the HF back- 
scatter technique for target determination. These problems are discussed in 
detail in Ref. [6]. It is pointed out that for a mid-latitude region over a 
complete solar cycle, the percentage of time when the HF backscatter tech- 
nique fails is less than 13 percent. 


The author would like to express his thanks to the Chinese Institute of Radio 
Wave Propagation and the Nanjing Institute of Electronic Technology for 
providing the experimental data. 
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[Text] Abstract: This paper presents preliminary experiments with high 
intensity pulsed electron beam transverse pumped XeF excimer lasing. In a 
Ar:Xe:Fo = 97.2:2.5:0.3 gas mix with a total pressure of 2.5 atmospheres, 
5.1 joule lasing output was obtained. 


Electron beam pumped KrF, XeF, and XeCl excimer lasers are all well known for 
high power and large energy. These sorts of lasers possess several similar 
characteristics. Just by exchanging the components of the gas mix and the 
cavity boundaries of the resonance cavity, experiments can be done on their 
excitation in a single laser apparatus. Over the past 2 years we have used 
the high intensity pulsed electron accelerator of this institute to do 
experimental research on KrF excimer lasers. We have successively obtained 

6 joule [1] and 12.5 joule [2] laser energy outputs. Recently, we also 
undertook preliminary experiments with an XeF excimer laser. 


From the point of view of internal energy exchange efficiency (lasing output 
energy/electron beam deposited energy) KrF excimer lasers are better than 
both XeCl and XeF excimer lasers. However, KrF lasers with a wavelength of 
248 nm are severely absorbed in the atmosphere. Ultraviolet radiation below 
300 nm in the solar spectrum is severely absorbed and blocked by the 
atmosphere. For 350 nm radiation, the atmospheric absorption is weaker and 
although an atmospheric refraction effect is present, effective propagation 
in the atmosphere is possible. The wavelength of an XeCl laser is 308 nm and 
requires a one stage frequency shift through a hydrogen Raman pool before 
attaining wavelength radiation of 353 nm. An XeF laser, however, directly 
stimulates 351 nm and 353 nm wavelengths and XeF excimer lasers were 
naturally the first to interest people for the study of the fundamental 
principles of effective propagation of ultraviolet strong lasers in the 
atmosphere. 
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Laser Apparatus 


We used transverse electron beam excitation with the laser apparatus shown in 
Figure 1. The cathode producing a large area electron beam was a multiple 
point brass electrode. The 339 X 39 mm2 area of the cathode was evenly 
distributed with 57 X 7 cones with a 3 mm diameter. This needle shaped 
cathode has better electron beam emission performance than a plane cathode. 
The anode, made of 0.05 mm thick alfoil, was separated from the cathode by 

19 mm. After the electron beam passes through the anode foil, it drifts for 
35 mm and then enters the laser cavity by passing through a window sealed by 
0.025 mm thick titanium foil. In order to withstand the high pressure of the 
gas mix residing within the laser cavity, the titanium film uses a stainless 
steel strip window grid bonding. The laser cavity is made of stainless steel 
and the 70 mm laser window apertures are sealed using quartz glass. The 
effective active area of the gas is about 1.5 liters. The distance between 
the cavity mirrors in the laser resonance cavity is 600 mm, the reflectivity 
of the totally reflective plane mirror is 96 percent and the transmissivity 
of the output plane lens is 25 percent. Both are constructed out of multiple 
layer dielectric film plated on a quartz glass block. 








Figure 1 


i--Cathode; 2--Anode film; 3--Rectangular strip window grid; 
4--Pressure film; 5--Laser cavity; 6--Quartz window glass; 
7--Totally reflective mirror; 8--Output cavity lens 


Experimental Results 


The experiments were conducted with parameters as recounted below. The pulse 
peak voltage between the electron beam diode electrodes was 800 KV, the FWHM 
of the pulse was 150 ns, and the peak electron beam current through the anode 
film was 40 KA. A GD-51 photoelectric diode was used to measure the laser 
pulse wave form (Figure 2) [photo not reproduced] and the FWHM of the pulse 
was 85 ns. 


The laser energy was measured using a JN-1-A type energy meter. This meter 
was standardized by the Chinese Institute of Metrology. While maintaining 
the total operating pressure at 2.5 atmospheres, we varied the gas ratios of 
Fo, Xe, and Ar searching for the optimal laser excitation conditions. 

Figure 3 gives the experimental data for lasing conditions with Xe and F2 in 
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varying proportion. 


The results showed that Ar:Xe:F2 = 97.2:2.5:013 gave the 


largest laser output energy of 5.1 joules. 


Figure 3. 
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2. Total pressure 2.5 atm 


w/Xe 3 percent 


The spectrum of the laser was photographed using a WSP-1 model 2 meter grating 
spectrograph standardized with the standard spectrum of iron. 


Relationship Between Laser Energy and F2 and Xe Content 


3. Total pressure 2.5 atm 
w/Fo 0.3 percent 


microdensity meter to sweep the spectral line, the intensity curve of 


Figure 4 was obtained. 


Figure 4, 
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XeF Laser Spectral Line Intensity Curve 


28 
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There are many reports on XeF laser spectrum. Brau [3] used a high intensity 
electron beam pumped Ar-Xe-F 2 mixed gas to obtain spectra of the 351 nm and 
353 nm lines. Gu Zhiyu [7357 0037 3768] et al. [4] obtained the same results 
using an electron beam pumped for Ar-Xe-NF3 mixed gas. As for XeF excimer 
laser spectrum research, Wang Zhengping [3769 2973 1627] et al. [5] obtained 
90 spectral lines from the rich spectrum given by discharge pumping excitation. 
The results which they obtained divide into five groups according to wave- 
length. The three lines in the 351 nm line group are the strongest while 

the intensity of the others is relatively weak. The XeF laser spectrum 
captured in Figure 4 is the 351 nm and the 353 nm group with a total of over 
30 lines. The intensity of each line is rather weak. Except for the 351.12 
nm line which is strongest, the stronger lines all appear in the 353 nm group. 
Moreover, the spectral lines of this group are universally higher than the 

351 nm group except for the 351.12 nm line. 


We wish to thank Wang Naichan [3769 0035 1750], Hong Runsheng [3163 3387 3932] 
and others for the assistance they provided in the process of this work. 
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APPLIED SCIENCES 


APPLICATIONS OF LASERS TO SEMICONDUCTOR STUDIES 
Beijing WULI [PHYSICS] in Chinese Vol 16, No 5, May 87 pp 275-279 


[Article by Qiu Mingxin [6726 2494 2450], Lu Shizhen [7120 0013 2823] of the 
Shanghai Institute of Optics and Fine Mechanics, and Lin Chenglu [2651 2052 
7627] of the Shanghai Institute of Metallurgy, Chinese Academy of Sciences] 


[Abstract] With widespread applications in the semiconductor industry and 
an indispensable technology in very large-scale integrated circuits, three 
areas of laser processing in semiconductor electronics are examined: 

1) Laser micro trimming, scribing, and labeling; 2) laser annealing and 
laser recrystallization of semiconductors, including adiabatic annealing, 
heat flow annealing, and isothermal or fast heat annealing; and 3) laser 
chemical vapor deposition, photoetching, and doping, with attention to laser 
induction deposition of metals, compounds, and semiconductors; laser induc- 
tion chemical photoetching, and laser induction doping and surface 
purification. 


PROBLEMS IN THE DESIGN OF MULTIPLE SUB-COILS IN SUPERCONDUCTING MAGNETS 
Beijing WULI [PHYSICS] in Chinese Vol 16, No 5, May 87 pp 285-290 


[Article by Qao Xiaowen [2580 2400 2429] of the Institute of Plasma Physics, 
Chinese Academy of Sciences] 


[Abstract] Due to the high cost of domestically produced Nb-Ti and Nb3Sn, 
magnet designs which reduce the volume or mass of the coil are very desirable. 
This paper discusses the j..(B) characteristics of superconductors; the rela- 
tion between coil volume and current density, j; developing the latent current 
carrying capacity of superconductor magnet coils; the optimum selection of a 
coil's 6 value; major methods of axial sub-coil design, including simple 
helical tube superconductors, homogeneous field superconductor helical tube 
magnets, and mixed structure superconductor magnets; and the advantages and 
problems with a sub-coil design. 
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FOLDED LONG-PULSE XeCl EXCIMER LASER DESCRIBED 


Shanghai GUANGXUE XUEBAO [ACTA OPTICA SINICA] in Chinese Vol 7, No 5, May 87 
pp 410-413 


[Article by Cao Hongru [2580 3163 1172], Chen Yongrong [7115 3057 2837], 
Che Mingyu [6508 2494 3842], and Hu Xuejin [5170 7185 6855] of the Anhui 
Institete of Optics and Fine Mechanics, Chinese Academy of Sciences] 


[Text] This paper reports a novel dual channel discharge pumped excimer 
laser. This laser uses a folded light path structure, a longer lasing 
cavity ‘2m), as well as suitably lengthening the discharge time, obtaining 
150 ns, 150 mJ laser output. 


I. Preface 


Shortwave lasers have several important applications such as photo- 
chemistry [1], material processing [2], and nuclear fusion [3] all of which 
require large pulse energies and high average power. One method to reach 
these goals is by increasing the operating pressure and excitation voltage 
as well as repetition frequency of the laser. However, this usually makes 
for tough demands on the laser components, and results in the structure of 
the device being large and complicated. Another type of method is to 
lengthen the pulse of an excimer laser to achieve long pulse operation. 
Consequently, in the past several years considerable work has been done in 
the area of long pulse operation of discharge excitation rare gas halide 
excimer lasers [4]. Normally the pulse width of discharge excitation 
excimer lasers is limited to within 30 ns [5]. Excimer lasers with pulse 
widths as large as 100 ns use X-ray or electron beam ionization, give 
lasing output on the order of several hundred ns to 1 ws [6]. The use of 
radio or microwave frequency excitation is also capable of giving 100 
nanosecond magnitude long laser output. However, the apparatuses which 
achieve these long pulses are all complicated in structure and large in 
volume making for some difficulty in their practical use. 


The authors have previously used a new structure dual channel excimer laser 
with the two primary discharge capacitors connected separately to two 
inductance capacitors controlled by a common spark sphere gap to obtain 
laser output with pulses as long as 60 ns [7]. The present paper, on these 
foundations, describes the use of a folded light lengthened laser cavity 
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(~ 2m) to obtain XeCl excimer laser output with pulses of 150 ns at 150 aJ of 
energy. When the pressure is lowered appropriately (total pressure of 500 
Torr), 175 ns pulses were obtained while under the appropriate ratio 
operating pressure, obvious self-mode-locking phenomenon was observed in 

the folded cavity. 


Il. Experimental Apparatus and Light Path Placement 


The electrical circuit of the experimental apparatus is as shown in Figure l. 
In order to ensure that the upper and lower channel heights operate simul- 
taneously, the mechanical structure and circuit connections for the upper 
and lower channels of the laser maintaining a high degree of symmetry. The 
two pairs of electrodes were Rogowski surface types made of aluminum 60 cm 
long and separated from each other by 2.0 cm. The details of the device's 
structure have been given in another paper [8]. 
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Figure 1. Discharge Circuit of the Experimental Apparatus 


Cg} and Coo are both 24 X 2700pF primary discharge energy storage capacitors 
for the upper and lower channel respectively. They are connected to the 
anode through a common sphere gap, SG. The ultraviolet preionization 
sources for each channel are placed on the two sides of the primary 
discharge electrodes and are produced by two rows of 24 pairs of spark 
points. The 780pF capacitors (C))Lj,L2, to which each pair of spark points 
connect, are the high voltage choke coils for the upper and lower channels 
respectively and are on the order of several dozen wH. L3 to Lé are the 
inductors to which the upper and lower primary discharge capacitors are 
connected. They have a value on the order of 1 wH. C, and C2, the first 
capacitors in parallel, are both 9 X 2700pF. C3 and C4, the second capaci- 
tors in parallel, are both 8 X 2700pF. 


The light path placement of the folded excimer laser is as shown in Figure 2. 
We used two aluminum coated plane mirrors affixed to the laser's flange at 
45° angles to act as total reflectors and make the upper and lower light path 
form a single longer lasing cavity (~ 2m). The radius of curvature of the 
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spherical total reflectors was 5m and the output window was a quartz plate. 
Since the upper and lower channels can be operated very synchronously [7], 
we are able to extract energy synchronously in the lasing medium within the 
long laser cavity of the upper and lower channel. 








- 
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Figure 2. Light Path Configuration of the Folded Excimer Laser 
III. Experimental Results and Discussion 


With the light path structure described above, using a short cavity structure 
(98 cm), we achieved 60 ns pulse width highly synchronous dual beam long 
pulse XeCl lasing [7]. However, after adopting the folded long cavity, laser 
output with a 150 ns pulse width and an energy of 150 mJ was obtained. 


Figure 3 [photo not reproduced] shows the light pulse form obtained for a 
total pressure of 1.5 atm and a gas mix of Xe:HCl:Ar = 40:7:1093. The 
experiment's results show that a long cavity structure has an obvious effect 
on laser pulse width. 


For an excimer laser, we can adopt speed equations similar to a dye laser [9], 
i.e. 


S =W (t)—cong—*, (1) 
~eny --f- 
B= cong —-L, (2) 


in which n is the excimer density, q is the photon density in the lasing 
cavity, o is the stimulated emission cross section, W(t) is the quasi- 
molecule formation speed, t is the quasi-molecule lifetime, t, is the 
cavity decay time, and c is the speed of light. Assuming that the light 
dissipation is primarily due to the cavity mirrors not being totally 
reflective, and the reflectivities of the two mirrors are rj), r2, then t¢ 
is given by the following formula: 


t= —21,/(eln(rirs)], (3) 
in which 1, is the cavity length. Supposing W(t) to be Gaussian, the half 


width is 250 ns. For XeCl excimer lasers the total pressure is around 2 atm, 
and we take o = 4.5 X 10716 cm2, + = 1.4 ns [10]. 
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From speed equations (1) and (2) we know that W(t) and t. are two variable 
parameters. Their variation can effect the process of change of the quasi- 
molecule density, n, and the cavity photon density, q. Generally speaking, 
changing the width of the discharge pulse wili change the quasi-molecule 
formation rate, W(t), and consequently attain the goal of changing the light 
pulse width. Separately, increasing the cavity decay time (achieved by 
lengthening the cavity and improving the reflectivity of the mirrors) makes 
the rate of change of the photon density rise, again changing the light pulse 
width. 


The relationship between q(t) and t, can be considered in the following way. 
Rewrite the speed equation (2) as 


oo ° 


after integrating both sides of the equality and simplifying we get: 


q(t) ~exp|cofnde—£], (5) 


In order to simplify the question under discussion, suppose identical excita- 
tion conditions for examining the relationship between q(t) and t.. That is, 
suppose that n(t) is a definite function. Consequently, under these condi- 


tions [nae is a constant. That is 
(6) 


From this we obtain this sort of conclusion: Under the experimental condi- 
tions of this paper, when t. increases two-fold and the other conditions are 
maintained, the half width of the photon density, q(t), also increases about 
two-fold. This is in agreement with the result of the lasing pulse width 
being lengthened as observed in the experiment. 


In the experiment we observed a relationship between pulse form and excita- 
tion voltage. It was discovered that when the excitation voltage was 
increased, the tail part of the pulse wave form clearly rose. Possibly this 
is because when the excitation voltage increases, the energy deposition in 
the lasing medium is even higher and in the later period there is a higher 
particle population inversion present. Figures 3(a) and (b) show the 

lasing pulse shapes for high and excitation voltages. 


In addition it was discovered that the total pressure of the laser medium had 
a clear effect on the pulse width. When the total pressure was lowered from 
1.5 atm to 500 Torr, the lasing pulse width rose from 150 ns to 170 ns as 
shown in Figure 4 [photo not reproduced]. 
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At the same time, with an appropriate gas mixture (Xe:HCl:Ar = 20:5:475) and 
total pressure was 500 Torr, we also observed self-mode-locking phenomena 
with the folded laser. This is possibly due to the self-mode-locking which 
appears at near threshold operation of lasers under conditions of low pressure. 
The self-mode-locking wave form observed in the experiment is shown in 
Figure 5 [photo not reproduced]. 
IV. Conclusion 
From a simple structure, compact dual channel folded excimer laser long pulse 
high energy output was obtained with 150 ns pulse widths at 150 mJ. Moreover, 
from experiments it was proved that lengthening the cavity could effectively 
lengthen the laser pulses. If further improvements are made in the excitation 
discharge circuit structure to maintain even longer discharge stimulation 
intervals, we can expect to attain still longer pulses and higher energy 
output excimer lasers. 
Zhao Zhensheng [6392 7201 3932], Li Zhaclin [2621 2507 5259], and Yin Baolong 
[3009 1405 7893] participated in portions of this work. 
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EFFECT OF ELECTRON BEAM DIVERGENCE ON THE GAIN OF FREE ELECTRON LASERS 


Shanghai HONGWAI YANJIU [CHINESE JOURNAL OF INFRARED RESEARCH] in Chinese 
Vol 6A, No 2, Apr 87 pp 119-124 


[Article by Zhao Donghuan [6302 2639 3562] and Lei Shizhan [7191 0099 3277] of 
Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences] 


[Abstract] The effect of divergence of an incident electron beam on the gain 
of free electron laser (FEL) is analyzed. In conditions in which laser gains 
can be realized, the relations between the maximum allowable divergence angle 
of incident electron beam and other physical paremeters are discussed. On 
attaining lasing oscillations, in principle the allowable maximun divergence 
angle is attained on the condition that the laser gain should not be exces- 
sively lowered, or else lasing is not obtained. Electron beam divergence is 
shown in the following diagran. 
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The paper was received for publication on 7 July 1986. 
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XeCl LASER-PUMPED NANOSECOND DYE LASERS 


Shanghai ZHONGGUO JIGUANG [CHINESE JOURNAL OF LASERS] in Chinese Vol 14, 
No 3, 20 Mar 87 pp 151-154 


[Article by Fu Shufen [0265 3219 5358], Qi Zhangfen [2058 1728 5358], 
Fang Honglie [2455 3163 3525], and Wang Zhijiang [3769 0037 3068] of 
Shanghai Institute of Optics and Fime Mechanics, Chinese Academy of 
Sciences ] 


[Abstract] The experimental results are reported on generating 
nanosecond dye laser pulses by means of "controlled resonator 
transients," using an XeCl excimer laser as the pumping source. 
Compared with N. laser pumping, laser oscillations with shorter 
wavelengths and a higher threshold value system can be obtained with 
XeCl excimer laser pumping. 


Four figures show the experimental arrangement, relations between 
pumping power and laser waveforms of PPO, R6G laser waveforms, and 
single-spike output waveforms of PTP and BPOB. The paper was received 
for publication on 17 February 1986. 
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RESEARCH ON VARIABLE-PERIOD WIGGLER TYPE FREE ELECTRON LASERS 


Shanghai ZHONGGUO JIGUANG [CHINESE JOURNAL OF LASERS) in Chinese Vol 14, 
No 3, 20 Mar 87 pp 129-135 


[Article by Qin Keqi [4440 0344 3825], Chen Jianwen [7115 1696 2429], 
Lei Shizhan [7191 0099 3277], amd Wang Runwen [3769 3387 2429] of 
Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of 
Sciences] 


[Abstract] Using a new energy model, the gain equations of exponential 
gradient amplitude and the variable-period wiggler free electron lasers 
(FEL) are obtained from the basis of the single-particle model. The 
results show that FEL gain will increase when the amplitude and period 
of the magnetic field increase along the z-direction; however, the 
effect of the former (amplitude) is more apparent than the latter 
(period). Two figures show gain curves of the wiggler field gain of the 
amplitude index gradient and space variable period. The paper was 
received for publication on 12 March 1986. 
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A PICOSECOND TUNABLE ULTRASHORT CAVITY DYE LASER 


Shanghai ZHONGGUO JIGUANG [CHINESE JOURNAL OF LASERS] in Chinese Vol 14, 
No 3, 20 Mar 87 pp 141-143, 146 


[Article by Liu Yixian [0491 0001 0341] and Li Fuming [2621 1381 7686] 
of Department of Physics, Fudan University] 


[Abstract] The paper reports the experimental arrangement and results 
of an ultrashort cavity Rh-B dye laser pumped by frequency-doubled 
pulses from a mode-locked Nd phosphate glass laser. The optimum 
operating conditions of the mode-locked Nd phosphate glass laser were 
studied using hybrid TPF and OSA arrangement. A mode-locked pulse train 
with a pulse duration of 5 picoseconds (ps) was obtained. Using this ps 
laser as the pumping source, an ultrashort cavity dye laser with tunable 
monomode pulses of less than 4 ps and wavelengths ranging from 620.1 to 
641.6 nanometers (nm) was obtained. 


Eight figures show the experimental arrangement, an oscillogram 
outputted from the Nd phosphate glass mode-locked laser, the TPF locus 
measured with the hybrid TPF and OSA, the relation between the output 
laser pulse duration and dye concentration, series waveform outputted by 
the Rh-B ultrashort cavity dye laser, and variation versus cavity length 
of the outputted spectrum; the relation between laser cavity length and 
applied voltage on the piezoelectric ceramic, and the relation between 
the outputted laser spectrum and cavity length. The paper was received 
for publication on 13 February 1986. 
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FAILURE MECHANISM OF He-Ne LASERS 


Shanghai ZHONGGUO JIGUANG [CHINESE JOURNAL OF LASERS] in Chinese Vol 14, 
No 3, 20 Mar 87 pp 159-162 


[Article by Luo Zhongnan [5012 1350 0589], Yu Jirong [6735 4949 2837], 
and Zhong Yuan [6945 1270] of Nanjing Engineering College] 


[Abstract] As proven by extensive experimentation, removal of operating 
gas and ieakage of He are not the main causes affecting laser service 
life. Gas released from epoxide, especially when hydrogen is released, 
plays an important role in laser output. For an He-Ne laser operating 
normally, the partial pressure of hydrogen in the laser tube is very 
low; thus, its effect on laser output can be neglected. As to the 
failure of He-Ne laser, the decisive factor is the damage and 
contamination of the reflective membrane of the mirror; however, traces 
of hydrogen in the laser tube play a direct role during the discharge 
process on the mirror damage and contamination. 


Six figures show the relationship of spectral line-pair intensity ratio 
on one hand, versus the He to Ne partial pressure ratio and the total 
atmospheric pressure, on the other hand; variations of spectral line 
intensity and power (in He-doping experiments) versus time; effect of Hy 
content on the relation of laser tube versus power drop rate; and 
relation between H,. release rate and laser tube life. The authors are 
grateful to Professor Wei Xianren [7614 0341 0117] for his counsel, and 
to Li Zhenhua [2621 2182 5478] and Lu Ping [0712 5493] for conducting 
some of the experiments. The paper was received for publication on 

13 January 1986. 
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PREPARATION AND CHARACTERISTICS OF HIGH RESISTANCE PHOTOCONDUCTIVE CdS FILM 


Shanghai HONGWAI YANJIU [CHINESE JOURNAL OF INFRARED RESEARCH] in Chinese 
Vol 6A, No 2, Apr 87 pp 147-150 


{Article by Chen Zhiyong [7115 2435 0516], Ji Rongcai [6060 2837 2088], Zhao 
Huanging [6392 3562 0615], and Zhang Zhiming [4545 1807 7686] of Department 
of Physics, Fudan University] 


[Abstract] Work on the preparation of a high resistance photoconductive CdS 
film by vacuum evaporation is reported, using two preparatory methods: 
Cu-doping sensitizing and H7S heat-treatment sensitizing. Properties of the 
evaporated CdS film (and the influence of preparatory parameters on the film) 
are presented. By measuring the transparent light intensity of the Cu film 
to control the amount doped into Cu, the authors applied this semi- 
quantitative method to prepare the CdS film, which has a relatively good 
homogeneity and stability; the following diagram shows the system for 
evaporation of CdS and Cu-doping. 
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Four remaining figures show the sandwich structure, photoelectric characteris- 
tic curves and spectral response curve of the CdS film; and heat-treatment for 
H2S. Two tables list data for the response time of the Cu-doped CdS film and 

the effects of the heat-treatment parameters of H2S on CdS film photoelectric 

characteristics. The investigation was reported at the 1985 All-China Optics 

Conference; the paper was received for publication on 21 March 1986. 
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CONTEMPORARY CERAMICS AND THE NEW TECHNOLOGICAL REVOLUTION 
Beijing WULI [PHYSICS] in Chinese Vol 16, No 5, May 87 pp 265-270 


[Article by Pan Zhensu [3382 2182 3936] of the Shanghai Silicate Research 
Institute, Chinese Academy of Sciences] 


[Abstract] This paper reviews the present state of research on structural 
ceramics and functional ceramics, gives a summary of problems of application 
and development, and clarifies the close relationship between contemporary 
ceramics and the new technological revolution. High temperature structure 
ceramics have been used for internal combustion engines in the United States 
and Japan, and are being tested in China. The four major high temperature 
ceramic materials, Si3N4, SiC, extra malleable oxide ceramics, and fiber 
reinforced composite materials ire discussed. In the area of functional 
ceramics applied in the electronic, information, and automation industries, 
three sorts of ceramic materials are introduced: base plate ceramic 
materials such as SC-101 SiC, the key material for integrated circuits; 
sensing materials for physical, chemical, and biological applications; and 
piezoelectric ceramic materials where current interest is in low dielectric, 
high curie temperature materials used at high frequencies. With continued 
increases in thermal efficiency and reductions in energy consumption, it is 
expected that applications of ceramics, especially as sensors, will increase 
tremendously. Ceramics plays a key role in the new technological revolution 
in information and communication, energy storage, and the rapid development 
of new materials. 
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APPLICATION OF SONAR TECHNOLOGY IN UNDERWATER ROBOTS 


Beijing YINGYONG SHENGXUE [APPLIED ACOUSTICS] in Chinese Vol 6, No 3, 
Jul 87 pp 7-9 


[Article by Zhu Weiqing [2621 4850 1987], Institute of Acoustics, 
Chinese Academy of Sciences] 


[Abstract] The Institute of Acoustics is developing a simulating 
Doppler sonar, digital Doppler sonar, and Doppler flow-rate profile 
sonar. The institute's East Sea Research Station successfully developed 
an ultrashort base-line positioning sonar (model BR-Ol) with a 
positioning precision of 3 percent, and an effective range of 300 
meters. Under current development is a positioning-guidance-connection 
sonar, which can position and guide an underwater robot to shipwrecks, 
and can connect the robot to a compartment of the sunken ship to rescue 
crew members trapped underwater. In a joint effort by the Acoustic 
Institute, the Shenyang Automation Institute and some other related 
units, information signals of the underwater acoustic channel are under 
study for data compression to achieve a high bit rate. 
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APPLIED SCIENCES 


NONLINEAR ACOUSTIC PARAMETER AND ITS APPLICATION IN ULTRASONIC IMAGING 


Beijing YINGYONG SHENGXUE [APPLIED ACOUSTICS] in Chinese Vol 6, No 3, 
Jul 87 pp 1-7 


[Article by Qian Zuwen [6929 4371 2429], Institute of Acoustics, Chinese 
Academy of Sciences] 


[Abstract] When sound waves of finite oscillation amplitude propagate 
in a medium, the waveform gradually distorts. This phenomenon is caused 
by the production of combination waves of higher-order harmonics and 
other frequencies. The main content of nonlinear acoustics includes the 
description of the production, propagation, and reception of this kind 
of waves. The paper systematically describes the status and 
application prospects of nonlinear acoustic parameters (B/A), especially 
the ultrasonic imaging used in medicine. 


Five tables list data of B/A values weasured on biological media, with 
the thermodynamic method and the finite oscillation amplitude wave 
method; B/A and 4B/A (difference between B/A values measured during the 
isentropic and isothermal processes); and B/A values of biological 
tissues measured with the finite oscillation amplitude acoustic wave 
method. Six figures show a block diagram of B/A measurement, revision 
of B/A values due to the diffraction effect of the energy converter, the 
principle of B/A parameter imaging, comparison of two imaging methods, 
scanning check of coordinates, and imaging of the parameter array. The 
paper was received for publication on 17 September 1986. 
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INFLUENCE OF POLARIZING DIRECTION OF PUMPING PULSE AND SOLVENT VISCOSITY 
ON PULSE DURATION OF SYNCHRONOUSLY PUMPED AND MODE-LOCKED DYE LASER 
LIGHT 


Shanghai ZHONGGUO JIGUANG [CHINESE JOURNAL OF LASERS] in Chinese Vol 14, 
No 3, 20 Mar 87 pp 144-146 


[Article by Luo Ningyi [5012 1380 0001], Chen Shaohe [7115 4801 0735], 
Chen Qinhao [7115 1987 3185], Cao Weilou [2580 3262 2869], and Deng 
Ximing [6772 6932 6900] of Shanghai Institute of Optics and Fine 
Mechanics, Chinese Academy of Sciences] 


[Abstract] From the authors’ research, the influence of the polarizing 
direction of the pumping pulse on the pulse duration of synchronously 
pumped and mode-locked dye laser light in three solvents with different 
viscosities is proportional to the dye solvent viscosity. When the 
polarizing direction of the pumping pulse parallels the allowed 
direction of the dye laser, the laser pulse duration is shorter, the 
higher the dye solvent viscosity. 


Five figures show the experimental arrangement, the pumping pulse, and 
three solvents: methanol, ethanol, and glycol. The paper was received 
for publication on 16 December 1985. 
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APPLIED SCIENCES 


CAS OFFICIALS CONGRATULATE SUPERCONDUCTOR ACHIEVEMENTS 
Beijing RENMIN RIBAO (OVERSEAS EDITION) in Chinese 26 Feb 87 p 1 


{Report by the Science and Technology Commission: “Congratulations Offered 
for Major Breakthroughs in Superconductor Research” ] 


[Text] Hu Qili, Fang Yi, and Song Jian, leading comrades of the Central 
Committee, went to the Physics Institute of the Chinese Academy of Sciences to 
visit with science research personnel who have sade contributions to 
superconductor research. 


The leading comrades of the Central Committee pressed in to shake the hands of 
researchers the likes of Zhao Zhongxian [6392 1813 6343] and Chen Liquan [7115 
4539 3123], offering their heartiest congratulations. The Central Committee 
leading comrades felt that the aajor breakthrovghs at the Physics Institute in 
superconductor research are very inspirational. Thig accomplishment has 
emerged from our struggle through independent sutonumy and self-reliance. It 
proves that there is a group of world class scientists in China, and that 
there is a large group of capable young and middle aged S&T skilled personnel 
currently maturing. This is one of the riches of China. We Chinese people 
have high aspirations and abilities, and there will be breakthroughs from us 
in science and technology and in keeping up with the advanced levels of the 
world. 


The director of the Physics Institute, Yang Guozhen [2799 0948 2823], reported 
on the experiences of the research. He said that in this research the Physics 
Institute made the most of its advantages in comprehensiveness and sultiple 
disciplines, and they used the accumulations of several years. This 
achievement was evaluated by scholastic committee members such as Li Yinyuan 
[2621 5593 6678], Hong Chaosheng [3163 2600 3932], Guan Weiyan [4619 1919 
3508], and Li Lin [2621 2651], as well as by people such as Beijing University 
Physics Department Professor Gan Zizhao [3927 1311 6856], so the laboratory 
data is reliable. 


The Central Committee leading comrades visited the laboratories and also 
watched demonstrations. State Science and TEchnology Commission vice- 
ministers Guo Shuyan [6753 2885 6056] and Zhu Lilan [2612 7787 5695], and the 
new and former Institute Directors, Zhou Guangzhao and Lu Jiaxi, respectively, 
also came to the Physics Institute. 


12586/12913 
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EARTH SCIENCES 


RESPONSE OF GROUNDWATER LEVEL IN WELLS TO UNDERGROUND NUCLEAR EXPLOSION 


Beijing SHUIWENDIZHI GONGCHENGDIZHI [HYDROGEOLOGY AND ENGINEERING GEOLOGY] in 
Chinese No 4, Jul 87 pp 7-12 


[Article by Che Yongtai [6508 3938 1132] of the State Bureau of Seismology 
Institute of Geology (other comrades participating in the on-site observa- 
tion work included Liu Beishun [0491 0554 7311], Zhu Qingzhong [2612 3237 
6988), Yang Huinian [2799 2585 1628], Guo Yixin [6753 0001 2450], and 
others): “Reactions of Groundwater Levels to Underground Nuclear Explosions 
and Their Characteristics”] 


[Text] Abstract: To explore the formational mechanisms of groundwater 
microdynamics in wells, the author organized the observation and study of 

the dynamics of groundwater levels during two underground nuclear explosions 
in an area of northwestern China. The results show that the force of nuclear 
explosions and the fracturing of rock bodies at the explosion center have 
obvious effects and reactions on groundwater levels. This article describes 
the conditions and results of these two experimental observations, analyzes 
certain characteristics of the effects of nuclear explosions on groundwater 
levels and discusses the geological and hydrogeological conditions of these 
effects. 


Il. Observation Conditions 


Both of the underground nuclear explosions (abbreviated hereafter as nuclear 
explosions) were carried out in vertical shafts. The depth of explosion in 
the first explosion (abbreviated hereafter as explosion I) was about 280 
meters and was carried out in a granitic dielectric. The depth of explosion 
in the second explosion (abbreviated hereafter as explosion I1) was more than 
200 meters, in a vertical shaft with a steel casing for a protective wall, 
and was carried out in a dielectric of metamorphic sandstone. 


The geological conditions of the geological dynamics observation site are 
shown in Figure 1. The site was located in an intermontane depression extend- 
ing along an almost east-west axis. The terrain is slightly uplifted and 
hilly. Most of the surface at the bottom of the depression is covered by 
Quaternary diluvial material (Qh ,) and aeolian material (Q,°°") only a few 


meters thick. There are outcrops of Upper Paleozoic clastic rock systems 














and middle Variscian period granite intrusive rock bodies at the tops of the 
hills. The regional structure lines have a nearly east-west orientation and 
it is a region of fault-fold structures. Two high angular pressure fractures 
(F3 and F2) have formed there and between them lie small-scale short-axis 
fold structures. In addition, X-shaped joints are common in the region. 
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Figure 1. Geological Background and Distribution of Observation Wells in 
the Observation Field 


Key: 
1. Quaternary aeolian material 6. Strata boundary lines 
2. Quaternary diluvial material 7. Fault lines 
3. Upper Devonian series meta- 8. Explosion center (I) 
morphic sandy conglomerate 9. Observation wells (1) 
4. Middle Devonian series meta- 10. Explosion center (II) 
morphic rock ll. Observation wells (II) 


5. Middle Variscian period granite 


There are two water-bearing bodies at the observation site: a bedrock cracked 
water-bearing rock group and a fault or intrusive fracture zone water-bearing 
zone, all of which are phreatic. These water-bearing rock bodies are 
replenished mainly by water from high mountain melted snow arriving from the 
southwest. The overall direction of groundwater flow is NE35-460°, the 
hydraulic slope is 0.9 to 2.0 percent and they are drained primarily in the 
form of springs. When the groundwater flows from southwest to northeast, 
after it is blocked by its encounter with pressurized faults formed in an 
east-west orientation, the water level rises and forms surface outcrops of 
springs in low-lying areas. The bedrock fracture water-bearing rock groups 
contain only small amounts of water, with the amount of water flowing through 
the boreholes usually being less than 100 cubic meters per day, but boreholes 
in the fracture zone water-bearing zone may have several hundred cubic meters 
of water flowing through them each day. The hydrochemical types of the 
groundwater are primarily S04, Cl and Na, and the degree of mineralization is 
1 to 5 grams/liter. The degree of mineralization increases gradually moving 
horizontally from southwest to northeast, and it assumes a regular pattern of 
high-low-high variation vertically moving from shallow to deep areas. 
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Characteristics of Observation Wells 


Table i. 
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To monitor the effects of underground nuclear explosions on groundwater levels, 
10 observation wells were chosen in the observation field (Figure 1), which 
employed five wells in explosion I and seven wells in explosion II and 
included two wells monitored during both experiments. The basic characteris- 
tics of each of the wells are listed in Table 1. As shown in the table, most 
of these wells are located in the west, south and east of the explosion center 
at distances ranging from 0.65 to 12.5 kilometers from the explosion center. 
The shallowest of the wells was 7 meters and the deepest was 830 meters. Most 
were 200 to 400 meters, and all of them were open holes. The wells were 
located at different positions on the fractures. The unit amount of water 
passing through the wells ranged from 0.005 to 0.3567 liters/second. The 
permeability coefficients of the aquifers ranged from 0.007 to 0.088 meters/day. 


The instruments used during the observations were floating mechanical water 
level meters with continuous auto-recording. Their precision was no less than 
0.5 centimeters and their tracking rate was greater than 3 millimeters/second. 


Before the underground nuclear explosions, the normal background dynamics of 
each of the wells were observed for several to more than 10 days. The results 
of observations prior to explosion I show that with the exception of well J3, 
four of the wells were in a state of gradually dropping water levels, with the 
daily rate of drop getting smaller moving away from the explosion center. The 
rate of change was 2 to 40 millimeters/day, which shows that they were 
affected by the drawing of water before the explosion in the vertical shafts 
at the explosion center and indicates that there is a hydraulic relationship 
between them. No water level variations were noticed in the wells in the 
results of observations prior to explosion II, which was related to the fact 
that no water was drawn from the vertical shafts. Moreover, the water levels 
in seven of the 10 wells indicated a solid water level tide, with the maximum 
daily tide reaching 15 centimeters. This indicates that these wells have a 
rather strong ability to reflect changes in mantle stress and strain. 


II. Dynamics at the Time of Explosion and Analysis 


The basic characteristic of groundwater dynamics in the wells at the time of 
the explosions was an abrupt rise in water levels. Records of abrupt rises 

in water levels were recorded in two wells during explosion I and in six 

wells during explosion II. The abrupt rises basically occurred at the same 
time as the zero-hour of the nuclear explosions. The degree of abrupt rise 

in the wells varied, with the maximum being 48 centimeters during explosion II, 
for example, and generally was in the range of a few tenths of a centimeter 

to a few centimeters. The abrupt rise process was sustained for only a few 
minutes in the short-term but lasted for 1 to 2 hours in the long-term. 

Figure 2 shows the curves for the abrupt rises derived during explosion II. 


The author considers the phenomenon of an abrupt rise in water levels in the 
wells to be an indication of pressure deformation in the water-bearing rock 
bodies. During an underground nuclear explosion, the intensely hot nuclear 
reaction causes a cavity to form due to vaporization of the rock at the 
explosion center, and the pressure may reach n X (108 to 1011) Pascals. At 
the same time, an extremely strong shock wave is emitted and subjects the 
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outer surrounding rock bodies to rather substantial pressures while nearby 
rock bodies are shattered and fractured. The rock bodies beyond a distance 
of about 60 X wi/3 (W is the yield of the nuclear explosion) are deformed 
by elastic compression. The wells chosen for observation were located within 
this zone of elastic compression deformation, so the aquifers around the 
wells had to undergo this sort of compression deformation. The porosity of 
the strata was rather low, which meant that the water in the fractures was 
squeezed out and manifested itself as a rise in the water levels in the 
wells. Because the enormous pressure in the explosion center cavity was 
dissipated rapidly within less than a minute, the rising water levels also 
dropped quickly. 
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Figure 2. Water Level Dynamics Curves in Wells at the Time of Explosion II 
and Afterward 








It is obvious that the amount of the abrupt rise in water levels in the wells 
should first of all be related to the amount of pressure the wells are sub- 
jected to. Moreover, the pressures are determined primarily by the distance 
between the wells and the explosion center. The observation results show 
that the amount of the abrupt rise shows a tendency to decrease as the 
distance from the explosion center increases. In explosion II, for example, 
the water level in well 12K2, which was 650 meters from the explosion center, 
rose 48 centimeters, while the water level in well 5Kl at a distance of 
4,770 meters rose only 0.2 centimeters. In explosion I, the phenomenon of 
an abrupt rise was found in only two wells that were less than 1,100 meters 
from the explosion center and did not occur in any of the wells that were 
more than 3,600 meters away. 


Some complex situations appeared on this overall regular background, indi- 
cating that the amount of the rise in water level in the wells was related 
to other factors. As shown in Figure 2, for example, both the 10K2 and 10K5 
wells, which were equidistant from the explosion center (and only 10-plus 
meters apart), had a depth of 400 meters, but there was a relative differ- 
ence of more than 5 times [500 percent] between the amount of abrupt rise in 
water level in each of them. Although well 1K8 was closer to the explosion 
center than well 7K4, the abrupt rise in the former was 5 times less than in 
the latter. To understand the reasons behind this complex situation, the 
author assumed that the entire observation field was an elastic dielectric 
to calculate variations in pressure stress due to the nuclear explosions and 
converted this ground stress into the amount of pore pressure deformation it 
caused on the basis of a known proportional relationship (indicated by 
equivalent water column elevations), after which he observed the amount of 
change in water levels in che wells and calculations of the derived amount 
of well pressure deformation to derive response ratios between the water 
levels in the wells and the nuclear explosions. Comparative analyses then 
were made of the response ratios for each of the wells, the corresponding 
geological and hydrogeological background conditions, structural characteris- 
tics of the wells and other questions. 


For calculations of the pressure stress deformation in the wells as a result 
of the nuclear explosions, the author used three different methods for trial 
calculations. The results of the trial calculations were that the figures 
derived on the basis of a method used to calculate the stress on rock 
surrounding pressurized tunnels (Jaeger, 1972) were rather close to the 
figures derived with a method used to calculate the stress on rock bodies 
surrounding an explosion center during mine blasting (Coates, 1970), while 
there was a substantial difference between the results of finite element 
calculations (Gao Weian [7559 4850 1344], 1985) and the first two groups of 
figures. This article adopted the results of the Coates method calculations. 
The theoretical pressure values derived for each of the wells on this basis 
as well as the measured amount of abrupt rise in water levels and the response 
ratios are shown in Table 2. To facilitate analysis, fractions were assigned 
to the six wells with response ratios greater than 0 according to their 
sequence (a maximum of 6 and a minimum of 1). 
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Table 2. Results of Calculations of Pressure Response Percentages of Well 
Water Levels to Nuclear Explosions 

















Well 12K2 10K2 10K6 1K8 7K4 5K1 J4 J3 
Theoretical pore 
pressure (mn) 224 110 110 75 37 16 2.2 1.4 
Amount of abrupt rise 
in water level (mm) 480 15 80 4 20 2 0 0 
Response percentage 21.43 1.36 7.27 O.53 5.41 £1.25 0 0 


Response ratio 
sequential fraction 6 3 5 1 4 2 0 0 


It is worth noting that the amounts of abrupt rise in water levels recorded in 
well 1K8 during the two nuclear explosions were 60 and 4 millimeters, respec- 
tively, but the response ratios derived using the above method were 3.5 per- 
cent and 4.0 percent, respectively, so the two are relatively close. Such a 
result shows that the response ratios to a certain degree may rationally be 
used as indicators for evaluating the response capacity of the gells. 


Geologists believe that faults play an important controlling role in the 
distribution and regulation of ground stress. This is especially true of the 
tips, intersections and inflection points of faults, which are sites con- 
ducive to the concentration of stress. If this formulation is well-founded, 
there should be certain anomalies in the amount of abrupt rise in water levels 
in the wells in these locations, but there were none in the facts observed. 

In the six wells mentioned above, the two wells that were located at the tips 
of faults had summed sequential fractions of 8 and averaged 4. The sequential 
fraction of one well less than 100 meters from a fault was 1, while three 
wells that were more than 100 meters from a fault have summed sequential 
fractions of 12 and averaged 4. Obviously, no controlling role of the faults 
is apparent. 


Similarly, the above method was used to evaluate the lithology of the aquifers 
in terms of their response ratios. The four wells in sandstone aquifers had 
an average sequential fraction of 3.75, while two wells in granitic aquifers 
had a total fraction of 6 and an average of 3. It is apparent that the 
response ratios of the wells in sandstone are higher than those in granite. 
This may be related to the higher porosity (0.85 to 2.80 percent) of the 
sandstone compared with the granite (0.80 to 2.60 percent). The results of 
laboratory research by the author employing saturated rock-earth model test 
specimens to test the relationship between deformation and pore pressure 
(1984) indicated that the pore pressure permeability coefficient in the test 
specimens (B = Au/Ac, the ratio between the variation in pore pressure and 
the variation in axial stress) was greater than in the low-porosity test 
specimens. Obviously, the understanding gained from the laboratory experi- 
ments was identical to that in the field experiments. 








The relationship between the water-carrying capacity of the aquifers and well 
Systems and the response ratios of the wells is shown in Table 3. It is 
apparent from the table that there is no clear relationship between the two. 
This may be due to the fact that the aquifers are phreatic water aquifers and 
that the water moved mainly in a vertical direction after pressurization. 

It did not resemble a closed aquifer under pressure, where the flow is rainly 
in a horizontal direction. 


Table 3. Water-Carrying Capacity of Aquifer-Well Systems and Comparison of 
Response Ratios of Wells 


Water-carrying capacity 

















Permeability Thickness of Water-carrying 
Response ratio coefficient aquifer coefficient 
Well (percent) (meters/day) (meters) (square meters/day) 
10K2 1.36 0.014 392 5.488 
1K8 0.53 0.088 202 17.776 
7K4 5.41 0.015 226 3.390 
SK1 1.25 0.037 467 17.279 


In summary, there is an obvious mechanical response in well water levels to 
the pressure caused by an underground nuclear explosion. The degree of this 
response is determined primarily by distance from the explosion center and 
secondly by a certain relationship to the porosity of the aquifers. There is 
no obvious relationship between them and the structural background of the 
wells, and their relationship to the water-carrying capacity of the aquifers 
well systems is unclear. Because of the limited number of wells observed, 
further confirmation of such an understanding of the above problem is needed. 


III. Post-Explosion Dynamics and Analysis 


The basic characteristics of the dynamics of water levels in the wells after 
the explosions were that they underwent two stages of a rapid drop and a slow 
recovery rise (Figures 2, 3, and 4). 


The main reason for these dynamics was the collapse of the cavity at the 
explosion center. As described above, a vaporized region, a pressurized 
dense region, a pressurized fractured region, a soft region and other areas 
form outside the explosion center at the time of the explosion. After a 
period lasting from several tens of seconds to several tens of minutes 
following the explosion, the fact that the hot nuclear reaction has ended 
means that there is a very rapid decrease in the high pressures at the 
explosion center, which leads to a collapse of the cavity and the surrounding 
rock bodies. An enormous fractured cavity zone may form over a diameter 
extending for several hundred meters. On the one hand, this creates a center 
of accumulation for the groundwater flow and causes the groundwater from 
surrounding areas to flow into this region, and on the other hand, it creates 
a new hydraulic slope. According to rough estimates, this slope may reach 
3.0 to 30.0 percent, which increases the speed of groundwater flow. Moreover, 
the collapse of the cavity at the explosion center subjects the rock bodies in 
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the elastic deformation zone to a substantial extensional force, causes the 
rock bodies that were originally pressurized to become extended and there- 
fore engenders relative extension of the fractures. This causes the sur- 
rounding groundwater to flow very rapidly toward the explosion center and 
accumulate, which is manifested as a process of a rapid drop in the water 
level of the wells. However, the degree to which the process of collapse 
develops is limited, and the capacity of the cavity to hold the accumulated 
water also is limited. As the groundwater collects, water levels at the 
explosion center rise and the hydraulic slope of the surrounding region 
gradually become smaller. At the same time, replenishment by regional 
groundwater flow and the rate of drop in the groundwater level change from 
fast to gradual until recovery of the levels is achieved. Because the 
experimental field was located in a hydrogeologically arid region, the 
process of replenishment by groundwater flow was rather slow. The results 
show that the process of water level restoration also was an extremely 

slow one. 
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Figure 3. Curves of Recorded Well Water Level Dynamics at the Time of 
Explosion I and Afterward 
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Figure 4. Curves of Water Level Dynamics in Two Wells After the Explosion 


Based on the information in Tables 2 and 3, the characteristic parameters 
derived for the stage of very rapid drops in water level in the wells are 
listed in Table 4. 


Table 4. Characteristic Parameters of Water Levels in Wells During the Stage 
of Rapid Dropping After the Explosion 








Number of 
experiment Explosion I Explosion II 
Observation well 1K8 J13 J4 J3  10K2 ~ °&#10K5 10K6 1K8 5Kl 
Starting time 
(hours after 
explosion) 0.08 <1 <1 <1 1 <1 2 <1 <1 
Time sustained 
(hours) 13.5 7 2 >30 >71 >3 >70 <l 7 
Amount of drop 
(meters) 10 0.33 0.007 0.06 »1.65 »4.55 >0.95 0.11 0.007 
Rate of drop 
(centimeters/ 
minute) 1.23 0.079 0.006 0.003 0.039 2.528 0.023 0.183 0.002 


When the drop in water levels began, the low time “service” precision of the 
recording instruments themselves made precise analysis impossible. Generally 
speaking, however, the snalysis shows that the starting time varied from a 
few minutes to a few hours, although most were less than 1 hour. In general, 
the starting time in wells with a large abrupt rise at the time of explosion 
began later, while wells with a small abrupt rise began earlier. 
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The amount of drop is related primarily to the distance from the explosion 
center. It could reach more than 10 to several tens of meters within 1 or 2 
days after an explosion in wells near the explosion center, after which the 
amount of drop gradually decreases at greater distances from the explosion 
center. Still, the amount of drop also is related to the depth of the wells. 
After explosion II, for example, at the 10K2, 10K5 and 10K6 wells, equidistant 
from the explosion center, the amount of drop in the deeper well, 10K5, was 
greater than that in the other two shallower wells. After explosion I, 
although well J4 was closer to the explosion center than well J3, the fact 
that it was shallow led to an obviously smaller amount of drop than in J3, a 
deep well. Moreover, the amount of drop apparently is related to the struc- 
tural background. The amount of drop in the water level in wells on a 
structural element in the same area as the explosion center was noticeably 
greater than the degree in other wells. 


The time period over which the drop was sustained was determined primarily by 
the amount of drop, with longer periods of a sustained dropping process occur- 
ring in wells with greater amounts of drop. The distributional range of the 
wells in which water levels dropped after the explosion was extrapolated at no 
more than 15 kilometers according to the tendency for the amount of drop to 
decrease moving away from the explosion center. This is confirmed by the 

fact that absolutely no reaction was noticed in water levels in observations 
made 23 kilometers from the explosion center. 


Because of limited work time, not many records of water level dynamics were 
obtained for the stage of water level recovery. In wells located a few 
kilometers from the explosion center, rather complete water level recovery 
curves were obtained for 1 or 2 days after the explosion (wells J4 and J13). 
It is apparent from this that the speed of water level recovery is much less 
than the speed of drop, which means that the recovery process also takes a 
rather long time. At well J4, for example, the dropping process was 
sustained for about 2 hours but the time required for water level recovery 
to original levels was about 6 hours. At well J13, the water level dropping 
process continued for about 7 hours but the water level after 7 hours of 
recovery time still was about 20 centimeters less than the original water 
level. 


Moreover, data provided by a certain base area in northwest China show that 
it is not an entirely homogenous dropping process, but is instead a dropping 
process of alternating rises and falls. Although the situation had changed 
from one of a dropping state to a recovery state about 13.5 hours after the 
explosion, a dropping state was observed the second day after an explosion 
(Figures 3 and 4), and it was 20 days after the explosion before the recovery 
stage formally began. The speed of water level recovery shown in Figure 4 is 
clearly less than the rate of drop and the recovery process took much longer. 
The water level at well 1K8, for example, was still 20 percent less than the 
original water level 65 days after the explosion, and well 7K4 was 70 percent 
less. The results of observations of nuclear explosion made by predecessors 
showed that water levels in wells near an explosion center took 280 days to 
recover their initial levels. 








In summary, the dynamics of water levels in wells following nuclear explosions 
indicate two basic processes of rapid drops and slow recovery. The first 
process is an indication of the collapse of the cavity at the explosion center 
and the latter process is caused by regional groundwater replenishment. The 
characteristics of water level changes in wells are determined by the distance 
from the explosion center, by the depth of wells, by the replenishment condi- 
tions of regional groundwater and other factors. 


IV. Some Understandings 


After observation and study of the water level dynamics of wells after two 
underground nuclear explosions, the following preliminary understandings were 
gained: 


1. Changes in the water levels in wells near the sites caused by nuclear 
explosions undergo three processes of abrupt rise-drop-recovery, while those 
in wells far from the site show two processes of drop-recovery. 


2. The phenomenon of an abrupt rise in water levels in wells caused by 
nuclear explosions is a reflection of a reaction to pressure deformation 

of aquifers at the time of explosion. This reaction shows that water levels 
in wells in bedrock fractured phreatic water aquifers have the capacity to 
reflect mantle stress movements. The magnitude of this capacity is deter- 
mined primarily by distance between the well and the source of stress, and 
it also is related to the porosity of the water-bearing dielectric. 


3. The phenomenon of a rapid drop in water levels in wells following a nuclear 
explosion indicates the collapse of the cavity at the explosion cubic meters 
and a softening reaction in the surrounding rock bodies. The distributional 
range of this sort of reaction is one to two times larger than the distribu- 
tional range of wells subjected to the effects of pressure deformation. This 
indicates that the capacity of water levels in wells to react to crustal 
extension is greater than their capacity to react to crustal compression, 

and their capacity to react to crustal fracturing is greater than their 
ability to react to crustal deformation. 


This knowledge is of extreme significance for understanding the formational 
mechanisms of seismic groundwater microdynamics, for selecting wells to 
observe seismic groundwater microdynamics, and for revealing the question 
of why the indicator anomalies in seismic groundwater primarily involve a 
drop and why the time period during which the indicator anomalies appear is 
mainly short. 
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LIFE SCIENCES 


EFFECT ON DOWNWARD-DIRECTED RESTRAINT AND FACILE CHEMICAL REACTIVITY ON 
RABBIT'S GYRUS ORBITALIS CORTEX TO NEURONAL ELECTRICAL ACTIVITY OF MCB 


Beijing ZHONGGUO KEXUE (B JI) [SCIENTIA SINICA: SERIES B (CHEMICAL, BIOLOGICAL, 
AGRICULTURAL, MEDICAL & EARTH SCIENCES)] in Chinese No 3, Mar 87 pp 288-293 


[Article by Feng Maozi [1409 5399 3320], Lu Xiangyue [4151 3276 1471], and 
Zhou Shaoci [0719 4801 1964] of Brain Function Laboratory, Huadong Normal 


University, Shanghai] 


[Abstract] In the experiment, 16 rabbits received an intravenous injection 

of ammonium quaternary triiodide; discharge reaction and MCB single-neuronal 
self-discharge activity from short sound stimuli were recorded. During 
electric stimulation of the cerebral gyrus orbitalis cortex, in 92 MCB 

neurons exhibiting discharge reaction to short sound stimuli, the discharge 
reaction of 25 neurons was inhibited (by 27.2 percent) while the electrical 
activity of 14 neurons was affected by the facile chemical reactivity (by 

15.2 percent). All 15 neurons with self-discharge activity were affected by 
the inhibition. The distribution is relatively concentrated for the stimulus 
points on the gyrus orbitalis cortex with inhibition and a facile chemical 
reactivity. To stimulate the gyrus orbitalis cortex, two adjacent points 

can produce entirely different inhibitions and the facile chemical reactivity 
effect to electrical activity of the same MCB neuron. Since the downvard- 
directed action of the gyrus orbitalis has a short lag of 2 and 3 milliseconds, 
the authors believe that there may be a direct passage of gyrus orbitalis--MGB. 
Using 2 percent procaine hydrochloride to block the autitory cortex (ACBRS 
zone) in the rear fringe of the cerebral sulcus olfactorius nasi, the facile 
chemical reactivity effect of the gyrus orbitalis (with longer lag) can be 
eliminated; thus, the influence on MCB by the gyrus orbitalis also can travel 
via the circular route of gyrus orbitalis--ACBRS zone--MGB. 


First draft of the paper was received on 12 November 1985; the revised draft 
was received for publication on 4 June 1986. 
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LIFE SCIENCES 


FUNCTION OF INSULIN MEDIATOR--cAMP AND FAT SYNTHESIS OF REGULATOR CELLS AND 
EFFECT ON DIABETES 


Beijing ZHONGGUO KEXUE (B JI) [SCIENTIA SINICA: SERIES B (CHEMICAL, BIOLOGICAL, 
AGRICULTURAL, MEDICAL & EARTH SCIENCES)] in Chinese No 3, Mar 87 pp 265-272 


[Article by Zhang Shirong [1728 0013 2837], Wei Tiequan [7614 6993 2164], Xing 
Xinggiu [1630 5281 3808], Yao Wenzhen [1202 2429 6297], Han Jinhua [7281 6930 
5478], Wang Jingze [3769 2417 3419], and Luo Yun [2867 0061] of Institute of 
Zoology, Chinese Academy of Sciences; and Wang Yue [3769 6390] of Neuro- 
psychiatric Ward, First Hospital, Beijing Medical University] 


[Abstract] The paper reports the release by the cytoplasmic membrane at least 
two kinds of insulin chemical mediator (components 1 and 3) after isothermic 
preservation of hog (and small and large guinea pig) liver cytoplasmic membrane 
and insulin (100 to 150 wU/ml). These two insulin mediator components can 
promote the fat synthesis of cells and inhibit the cAMP formation of adipose 
cells stimulated by lipolytic hormone and forskolin. The molecular veight of 
component 1 is approximately 3,700 to 4,000; for component 3, it is approxi- 
mately 1,000 to 1,500 dalton. Component 1 of the insulin mediator is a 
chemical newly discovered as reported in this paper for the first time. The 
liver cytoplasmic membrane of small or large guinea pigs affected with 
diabetes produce decreasing amounts of this kind of mediator as compared to 
normal animals. However, after subcutaneous injection of the guinea pigs 
with insulin, the release of the mediator can return to normal levels. 


Six figures show the insulin promotion of fat synthesis, activities of hog 
liver cytoplasmic membrane extractive isolated with a Sephadex G25 column, a 
curve showing the dosage of insulin mediator component 1 versus the function 
of adipose cells of large guinea pigs, and functions of insulin and insulin 
mediator with respect to cAMP and fat. Two tables list the inhibition of 
cAMP synthesis by the insulin chemical mediator to cAMP synthesis of adipose 
cells by lipolytic hormone and forskolin, and comparison of insulin chemical 
mediator activities produced by the liver cytoplasmic membrane of small guinea 
pigs affected with diabetes and those not receiving insulin. 


The authors are grateful to Professors Zhang Zhiyi [1728 5268 0001], G. So. 
Antero and Liang Dongcai [2733 2767 2624] for providing reagents and support 
of this study. The first draft of the paper was received on 2 July 1985; the 
revised draft was received for publication on 10 July 1986. 
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LIFE SCIENCES 


STUDY OF ANTICANCER HUMAN MONOCLONAL ANTIBODY 


Beijing ZHONGHUA WEISHENGWUXUE HE MIANYIXUE ZAZHI [CHINESE JOURNAL OF MICRO- 
BIOLOGY AND IMMUNOLOGY] in Chinese Vol 6 No 4, Jul 86 pp 198-203 


[English abstract of article by Liu Hua [0491 5478], et al., of the Department 
of Immunology, Beijing Institute for Cancer Research] 


[Text] In the present work, human-human and human-mouse hybridoma producing 
anti-cancer human monoclonal antibodies (McAbs) were studied. UC729-6, a 
thioguanine-resistant human lymphoblastoid B cell line, or NS-l, a mouse 
myeloma cell line, was used to fuse with lymphocytes isolated from the regional 
lymph nodes of 26 cancer patients, obtaining 130 Ig-secreting human-human 
hybrids and 21 human Ig-secreting human-mouse hybrids. Among them, 88 hybrids’ 
supernatants were screened against a panel of cancer cell lines by a microspot 
smear method developed in the authors" laboratory. 


The results show that 37 human-human hybrid supernatants reacted against a 
number of cancer cell lines and two human-mouse hybrid supernatants also had 
some reaction against certain cancer cell lines. After subcloning two to three 
times, only three human-human hybridomas and one human-mouse hybridoma secreted 
human McAbs. 


Immunohistological study by PAP or ABC techniques found that only UGSL-D7, a 
human-human hybridoma derived from a gastric cancer patient's lymph node cells, 
stained positively with malignant epithelial cells of gastric cancer, although 
the same positive results were not obtained with stroma cells in the same 
tissue section. 


In addition, ascites were obtained by injecting antibody-producing human-human 
or human-mouse hybrids into BALB/c nude mice pretreated with anti-lymphocyte 
serum and pristane. The ascitic fluids contained 0.6-19 mg human Ig/ml. 
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ATTENUATED HEPATITIS A VIRUS VACCINE 


Beijing ZHONGGUO KEXUE (B JI) [SCIENTIA SINICA: SERIES B (CHEMICAL, BIOLOGICAL, 
AGRICULTURAL, MEDICAL & EARTH SCIENCES)] in Chinese No 6, Jun 1987 pp 625-630] 


[Article by Mao Jiangsen [3029 3068 2773], Xie Ruying [6200 3067 5391], Huang 
Haiying [7806 3189 7751], Chai Shaoai [2693 1421 1947], Chen Nianliang [7115 
1819 5328], Yu Peihua [0151 0160 5478], Wang Xiuzhi [3076 1485 5347] and Liu 
Chunjiang [0491 2504 3068] of Institute of Medical Microbiology, Zhejiang 
Medical Academy, Hangzhou; and Cao Yiyun [2580 6654 0061], Dong Dexiang [5516 
1795 4385], Lian Youhui [4886 1635 6540], Zou Yongjian [6760 3057 0256], Liang 
Wusheng [2733 1889 3932], Li Hua [2621 5478] and Chen Tongqiu [7115 4827 3808) 
of Institute of Medical Biology, Chinese Academy of Medical Sciences, Kunming] 


[Abstract] This is part one of an investigation on experimentation with strains 
of different toxicites in monkeys. The experiments were conducted on three 
strains of hepatitis A virus (HAV) with different attenuation levels: H2M20 
(35°C), H2M20 (32°C), and H2M20K5 (32°C). Four Macaca Mulatta monkeys were 
inoculated with each strain. After 3 to 10 weeks, all hepatitis A antibodies 
in the monkeys turned positive; 16 weeks following inoculation, the following 
antibody titers were recorded: 1:160 to 1:640 for H2M20 (35°C), 1:40 to 

1:160 for H2M20 (32°C), and 1:20 to 1:40 for H2M20K5 (32°C). In the period of 
16 weeks after the monkeys were inoculated with the virus, SGPT (serum 
glutamic-pyruvic transaminase) and LDHS (lactic dehydrogenase 5) were 
detected and measured each week; in some monkeys, an examination with liver 
live tissue puncture was conducted. The results indicate that H2M20 (35°C) 
leads to a high toxicity reaction, but H2M20K5 (32°C) leads only to a week 
toxic reaction, since no indicative signs of hepatitis were observed for four 
Macaca Mulatta monkeys with H2M20K5 (32°C) inoculation. In toxicity and 
antibody reactions, further study on H2M20K5 (32°C) is worthwhile because this 
strain is a promising candidate in the study of attenuated HAV vaccine. The 
paper proposes a determination standard for the HAV toxic reaction of Macaca 
Mulatta. 


Two tables list data on the antibody reaction and hepatitis indicative signs 
after inoculating attenuated HAV of different levels into Macaca Mulatta 
monkeys. Three figures show reactions of the Macaca Mulatta after inoculation 
of H2M20 (35°C), H2M20 (32°C) and H2M20K5 (32°C). 











The following persons also participated in the research: Luo Qicheng [5012 0366 
0524), Shi Lianfa [4258 6647 4099], Liu Miaoqgin [0491 1181 2953], Li Jing 

[2621 7231], Mao Zixu [3029 1311 2485], Cheng Jingchun [4453 2929 2504], Ren 
Liping [0117 7787 5493], Yam Xiaowei [7051 1420 5898], and Yang Xuanxiang 

(2799 6693 4382]. The first draft of the paper was received on 15 February 
1986; the revised draft was received for publication on 5 July 1986. 
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ELISA FOR SCREENING AND DETECTING BOTULINUM TOXINS 


Beijing ZHONGHUA WEISHENGWUXUE HE MIANYIXUE ZAZHI [CHINESE JOURNAL OF MICRO- 
BIOLOGY AND IMMUNOLOGY] in Chinese Vol 6 No 4, Jul 86 pp 253-256 


{English abstract of article by Wang Yinchun [3769 5593 2797] of Lanzhou 
Institute of Biological Products, China; Hiroshi Sugiyama of the Food Research 
Institute, University of Wisconsin] 


[Text] The enzyme-linked immunosorbent assay (ELISA) using the “double-sand- 
wich" technique was utilized to detect and determine types A, B and E 

botulinum toxin. In the present study, polystyrene balls were used as a carrier 
for coating an IgG fraction of the antiserum. The advantage is that the balls 
could be marked according to different types of botulinum antiserum. Therefore, 
they can be used more conveniently for screening different types of botulinum 
toxin from samples and suspect food. 


The sensitivity in detecting type A toxin is 50-100 LDco/ml; type B toxin is 
less than 50 LDso/ml; type E toxin is 10-50 LDso/ml. The specificity is high 
enough, cross reactivity among types A, B and E toxin occurred only at negligi- 
ble levels, and there was no cross reactivity with either the culture fluid of 
types C, D or F botulinum toxin or that of C. tetanus or C. perfringens toxin. 


The authors’ results demonstrate the efficiency of this method in screening 
botulinum toxin, i.e., it was entirely suitable for laboratory diagnosis of 
botulism. However, it still has not reached the precise level required for 
quantifying the botulinum toxin today. 
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CLONING OF E. COLI HEAT-LABILE TOXIN SUBUNIT GENES AND PREPARATION OF THEIR 
PROBES 


Beijing YICHUAN [HEREDITAS (BEIJING)] in Chinese Vol 9, No 2, 1987 pp 28-30 


[Article by Xiong Lingshuang [3574 0407 7208] and Ma Qingjun [7456 3237 6874] 
of Institute of Fundamental Medicine, Academy of Military Medical Sciences, 
Beijing] 


[Abstract] The heat-labile toxin (LT) of E. (Escherichia) coli is a bacterial 
toxin produced by E. coli. The toxic LT molecule is composed of two subunits: 
A and B. Based on the spectrum of repressor internal-cut enzyme of EWD 299 
(E. coli C600), the authors isolated subunit A and B genes to be inserted into 
pUC18 inverted to E. coli, thus obtaining two kinds of cloning for subunit 
genes for preparation of probes for subunit A or B genes. The probe can be 
used for detection positioning and analysis of genes toxic to LT and others. 
Eight figures show the positioning of the LT gene on EWD 299 and some of the 
enzyme cleavage sites, structure of pUC18, electrophoresis of EWD 299 
zymohydrolysis, original-site hybridization of the colony for LT-A and LT-B 
gene cloning, electrophoretic determination of recombination particles of 
LT-A and LT-B genes and the hybrid radioactive image of the DNA-DNA point by 
using a probe of the LT subunit gene. The paper was received for publication 
on 7 July 1986. 
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FACTORS INFLUENCING THE INDUCTION OF HUMAN FIBROBLAST INTERFERON WITH NEWCASTLE 
DISEASE VIRUS (NDV) 


Beijing ZHONGHUA WEISHENGWUXUE HE MIANYIXUE ZAZHI [CHINESE JOURNAL OF MICRO- 
BIOLOGY AND IMMUNOLOGY] in Chinese Vol 6 No 4, Jul 86 pp 238-243 


[English abstract of article by Li Guangshan [2621 1639 0810], et al., of the 
Institute of Microbiology and Epidemiology, Academy of Military Medical 
Sciences] 


[Text] Im this study, an observation was made of factors influencing 
interferon induction with NDV involving muscle skin cell strain-SM2 of a 
human embryo, and an appropriate inductive condition was sought. 


The results of the authors’ experiments indicate that the number of cells 
within a certain range, the age of the cells, lowering the inductive tempera- 
ture and priming with interferon did not increase the interferon yield. Prim- 
ing combined with superinduction proved to be the most satisfactory method of 
induction with NDV. By use of this method, the average yield of interferon 
could be increased to 10900U/ml (SD = 1600) in small culture flasks (35 ml). 


The amplified inductive experiments also showed that it was possible to obtain 
the same satisfactory results using the method mentioned above after changing 
to larger culture flasks (80 ml). The average yield could reach 15300 U/ml 
(SD = 4400) and 28.3U/109 cells (SD = 9.2). The method combining priming with 
superinduction with NDV lays a solid foundation for establishment of large- 
scale production systems involving human fibroblast interferon. 
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STUDY OF IN VITRO EFFECT OF INTERFERON ON ACTIVITY OF NK CELLS FROM PATIENTS 
WITH MALIGNANT HEMAPOIETIC DISORDERS 


Beijing ZHONGHUA WEISHENGWUXUE HE MIANYIXUE ZAZHI [CHINESE JOURNAL OF MICRO- 
BIOLOGY AND IMMUNOLOGY] in Chinese Vol 6 No 4, Jul 86 pp 233-237 


[English abstract of article by Du Ping [2629 1627], et al., of the Department 
of Microbiology, Second Military Medical College, PLA, Shanghai] 


[Text] In order to compare the regulatory effect of two interferons on NK 
activity, the PBMC of MHD patients was treated in vitro with HuIFN-a(Ly) and 
HuIFN-y. The results show that the NK activity was enhanced by HulFN-a(Ly) in 
8 of the 22 patients tested (36.4 percent), while the enhancement by HulFN-y 
was 80.0 percent (12/15). The HulFN-y had a stronger effect by enhancing the 
NK activity 3.6-fold, while the NK activity increase by HulFN-a(Ly) was only 
1.4-fold. Treated with HulFN-y, 9 of 11 cases whose NK activity had not been 
increased by HulFN-a(Ly) were markedly enhanced, suggesting that HulFN-y 

was more effective than HulFN-qa(Ly) in the regulation of NK activity and in 
clinical application. 
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NATLONAL DEVELOPMENTS 


ACADEMY OF SCIENCES UNVEILS RESTRUCTURING PLANS 
Beijing KEJI RIBAO in Chinese 3 Mar 87 p 1 


[Report by Du Mingming [2629 2494 2494]: “Chinese Academy of Sciences 
Intensifies System Restructuring” ] 


[Text] It has been learned from the Chinese Academy of Sciences that to meet 
the demands of the growth of China's economic construction and of our 
scientific endeavors, the Chinese Academy of Sciences (CAS) will further 
system restructuring, and that the primary goals of the restructuring will be: 
through the unleashing of science research organizations and of scientists and 
technicians, the chief scientific and technical strength of the entire academy 
will be mobilized and organized onto the main battlefield serving economic 
construction, and will constitute a fine link between research and production; 
at the same time, we will maintain a crack force to undertake basic research 
and sophisticated technological follow-up, which will allow the potential of 
this CAS multi-discipline, comprehensive scientific and technical contingent 
to be truly realized. 


During the period of the “7th Five-Year Plan,” CAS will undertake 
restructuring in the following aspects: 


-~Research primarily in technology development and some applied research work 
will resolutely proceed from current and future market demands and customer 
needs. Various ways will be used to restructure the system, to promote the 
transformation of research achievements into products, and to hasten the 
commercialization of scientific and technical achievements. This will require 
that the institutes form research-production associations with existing 
enterprises, or that they run their own high technology companies and 
gradually form high technology enterprise groups. To uniformly organize 
research, development, production, and marketing services, and to give rein to 
the gulti-discipline, multi-technology mutually beneficial and comprehensive 
capabilities of CAS will allow research achievements to be transformed 
directly into commodities that can compete in international markets. This 
will also provide a technological base for the implementation of domestic high 
technology planning and for the dissemination and transferral of high 
technology within China. At the same time, this will give a free hand to 
supporting the operations of scientists and technicians in shifting to 
enterprises and the high technology companies. 
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----On the basis of intensifying research through all disciplines in the areas 
of natural resources and the environment, we will enhance cohesiveness and 
improve the level of system analysis to provide a scientific basis for 
territorial planning and renovation and for major project construction. From 
the point of view of the system, through adjustment and association we will 
form a national network system of several research and development centers and 
platforms with comprehensive capacities. Some research organizations will 
implement dual leadership involving the Academy and relevant comprehensive 
economic departwgents or local governments. 


--In the fundamental fields of basic research and applied research, we will 
establish open, fluid, and combined new systems to encourage catering to world 
competition. For example, with some powerful institutes, laboratories, and 
major scientific projects as a basis, we will operate national research 
laboratories or national science and engineering centers that will be open 
both domestically and to foreign interests, that will attract outstanding 
scientific and technical skilled personnel, and that will initiate research 
efforts of a high standard. This will encourage and promote the establishment 
of closely cooperative relations between the institutes or laboratories and 
institutions of higher learning of other research organizations; and it will 
encourage and promote use of their own advantages by the institutes, which 
will strive for cooperation abroad and to establish world-class research 
centers. 
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NATIONAL, DEVELOPMENTS 


ROLE, TRENDS IN RESEARCH-PRODUCTION COMBINATiON 


Tianjin KEXUEXUVE YU KEXUE JISHU GUANLI [SCIENCE OF SCIENCE AND MANAGEMENT OF 


S&T] in Chinese No 5, May 87, pp 4-5 


{Article by Li Lianshui [2621 1670 3055], edited by Zhao Beiwang [6392 0554 


2598}] 


[Text] 


in China today. 
variances in the levels 


[Abstract] This article divides the research-production 
combination into three levels: high, middle, and low. 

The high level combination is characterized by a 
concentration of high-technology, and is an inevitable 
prerequisite for socialized heavy industry's advancement 
to a certain level. The middle-level combination is 
characterized by the constant application of research 
results to production through such legal means as contracts 
for the transfer of goods and materials. The latter is 
currently the best form for maximizing the potentia. of 
existing research organizations and production enterprises, 
and is an important pillar of the overall development of 
the national economy. The low-level combination is one 
whereby S&T results consisting of single-purpose knowledge 
are easily put into application and production by the 
surplus labor force in rural areas. It will basically 
assure the decrease and ultimately the elimination of 

gaps between urban and rural areas. It is recognized 

that the rational construction of high-technology 
concentration areas, the strong development of the 

various forms of middle-level combinations, and the 
systematic low-level combination according to the 

spark plan are prerequisite to our objective of continued 
stable development of China's national economy, and are 


the inevitable developmental trend of the research-production 


combination. 


The research-production combination appears in many types and styles 
Looked at systematically, and bearing in mind that there are 
f S&T advancement utilized by the organizations in 
the combinations, as well as in the qualifications of their personnel, it is 
possible to divide these into high-, siddle-, and low-level combinations. 


These three levels also vary in the functions they fulfill. 
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Structure and Functions of the Levels 


The high-level combination: Indication of a high-level research-production 
combination is location in a fairly narrow area of high-technology 
concentration, what in foreign nations is called a “science park,” or “science 
city.” It is the “cradle of future frontline fields.” The chief 
characteristics of these areas of high-technology concentration are: a 
concentration of knowledge--in general, there will be a cluster of several 
tens, perhaps gore than 100, research organizations and academic institutions; 
or, there aay be a high density of high technology authorities or production 
bases. The required personnel will accordingly have strong technical 
qualifications; and, because high-level technology requires little in the way 
of a ganual labor force, the number of personnel will usually be small. There 
will be a high output value--advanced technology is used to guide production, 
the very latest research results are quickly transferred, and the annual 
output is often several times that of ordinary areas in value. This type of 
high-level combination has three prominent functions: (1) The function of 
providing new technologies, materials and products. For example, they can 
furnish information technology, electronic technology, biotechnology, and new 
types of materials to the various departments and industries in our national 
economy, and especially to those which are emerging. As a result, these act 
as a guide to the development of the overall economy (or to a particular 
industry). (2) The function of training and providing high-level research 
talent. Within an area of high-technology concentration, education and 
research are strong, with rapid importation and mastery of foreign technology, 
so that there is the earliest possible mastery and application of advanced 
technology. There is not only output of research results, but training of 
high-level research and technical talent as well. (3) The function of 
catching up with the world’s advanced S6T. This kind of high-level research- 
production combination is beneficial in importing, absorbing, and digesting 
the most advanced S&T, and bringing forth new ideas from it. At the same 
time, it can operate at even higher levels of S&T to export products and 
advanced technology which are competitive, it can strengthen relativunships and 
cooperation with similar businesses abroad, continuously follow and saintain 
the world's advanced level, and thereby act as a constant spur to raise the 
domestic level of S&T. Today, there still are not many of these high-level 
combinations in China, and those which exist have still not been brought into 
full play. But China does have the prerequisites for building high-technology 
concentration areas of this sort. Among the better of these are Zhongshan 
Village in Beijing, the Wushan Science City at Guangzhou, Shanghai's Jiangwan 
Wujiaochang, the Donghu Developmental Center at Wuhan, and Wuxi's 
Microelectronic Base. 


The middle-level combination. This is the principle form of research- 
production combination in China today. This level is characterized 
systematically by the following: it has its base in existing research 
organizations (including academic institutions) and manufacturing enterprises; 
and through such legal means as contracts, various forms of research results 
are chosen and then given continuous application to manufacturing, which in 
turn transforms them into products. In China, this level of combination 
appears in rich and varied forms, such as technological missions, technical 
training, technical cooperation, compatible technological development, 











engineering technology contracts, industrial technology development, joint 
efforts on key problemas, research-production combination systems, etc. This 
level of combination has the following functions in China’s current econosic 
construction: (1) Raise the quality level of enterprises, advance 
enterprises’ changeover to even never equipment, raise the level of products 
and strengthen the competitive force of enterprises’ products in the 
marketplace. (2) Provide an informwational link for research, production and 
garketing, in order to advance the research, development, testing and 
production of new products, and open up markets for them. (3) Accelerate the 
pace at which research results are transformed into superior products, 
increase the economic contributions of research units, and transfer SéT 
personnel positively. (4) Provide a window for improved understanding of 
foreign S&T information, and advancing international S&T exchange. (5) Train 
a batch of new S&T and production sanagement talent, to lay a better 
foundation for developing S&T and the economy. (6) Finally, strengthen the 
genuine integration of China's S&T with its economy, while developing the 
national economy and a rich variety of products. This can improve the 
livelihood of the people and raise the nation's international prestige, 
showing the superiority of the socialist systesa. 


The low-level combination. Characteristics of the low-level research- 
production combination are: S&T results are specialized--the knowledge is for 
a single purpose, easily applied and conveniently put into production; 
personnel are not highly qualified--the principle source being the surplus 
labor force in rural areas, with the gajority never having received any 
specialized training; the economic benefits are outstanding--from the 
standpoint of S&T results for the individual unit, they are next to nothing, 
but nationally the cumulative effect of these benefits is outstanding, just as 
grains of sand become a desert and drops of water a river. This level of 
combination has also been discussed internationally, for example, the proposal 
in Japan to practice “one village, one product.” Estimates from concerned 
departments indicate that by the end of this century China will have a surpius 
rural labor force of more than 200 willion. Along with the implementation of 
our “spark plan,” the majority of S&T results aust inevitably go to rural 
families; linking a surplus labor force of more than 200 aillion with sodern 
S&T can create an enormous production force. This will be the broad base for 
China's future development. When fully developed, one function of this 
research-production combination will be to lead the mass of rural people down 
the road to prosperity, and build a cultural spirit in the countryside. It 
will also function to train a production labor force skilled in trade, 
industry and agriculture. At its height, it will minimize the gaps between 
urban and rural areas, between industry and agriculture, between mental and 
physical labor. It will fundamentally alter China's appearance of rural 
backwardness, and thereby serve to fundamentally alter China's overall 
economic image. 


Developmental Trends 


The developmental trends of the research-production combinations in China are 
intimately related to the developmental level of our productive forces. It is 
also analogous to the evolutionary process of development of the research- 
production combinations in other countries. The productive forces in China 





today are sulti-layered: there is the high-precision, automated world 
advanced level, and the sechanized or semi-mechanized level, as well as « 
large, low-level manual labor force. There even stil) exists in very suall 
quantity the prigitive level of slash-and-burn cultivation. This will be the 
status of our productive forces for some tise to come. According to Marxist 
theory, the objective in choosing a particular econosic systes can only be 
based on which is sost appropriate to the forces of production. Therefore, 
selection of a research-production combination can also be sade solely on the 
basis of appropriateness to the forces of production. Given China's aulti- 
level forces of production, now and for the foreseeable future, the country's 
only choice is to link organically the high-, siddle-, and low-level 
combinations, in a joint development organizational sodel, which will continue 
to exist over the long tera. This is because, in the high-level combination, 
areas of high-technology concentration are absolutely required for socialized, 
heavy industry to advance to a certain level. Otherwise, further development 
of the productive forces could be hindered. The siddle-level combination is 
the best type for present-day China to maxiaize the potential of existing 
research organizations and aanufacturing enterprises, and is an impoi tant 
pillar of the national econosy’s overall developswent. The low-level 
combination will grow and flourish in China's rural areas, basically assuring 
that the gap between urban and rural areas will decrease and ultimately be 
eliminated. Therefore, the objective of continued stable development of 
China's national economy requires the rational building of areas of high- 
technology concentration, the vigorous development of various aiddle-level 
combinations, and the gradual opening up of the low-level research-production 
combination according to implementation of the “spark plan” seasures. This is 
the inevitable trend of development of the research-production combinations. 


The State Council recently promulgated “Some Stipulations Concerning the 
Further Keform of the S&T System,” which conforms to the research-production 
combination situation in China, and to its developmental trends. This aust 
give massive iapetus to overall development of China's three levels of 
research-production combinations. The policy of further loosening the ties on 
research organizations and relaxing restrictions on S&T personnel is 
absolutely essential to the development of the high-level combination in 
China, and to the formation here of many areas of high-technology 
concentration. If we look at the electronic corridor formed at Beijing's 
Haidian Wushan Village, we see that there are two principle reasons for their 
successful experience: the first is the massive backup intellectual force 
provided by the presence of academic institutions and research organizations; 
the second is the existence o@ SéT staff who dare to be innovative, with the 
courage to take risks and be boldly innovative. Today there are 58 high-tech 
development centers, companies or groups in Wushan Village's electronic 
corridor. It is worth noting that these centers, companies or groups are all 
run by local people, and the aajority of these innovative personnel came 
voluntarily from research organizations and academic institutions. There are 
g@any areas in China where academic institutions and research organizations are 
clustered, and the promulgation of “Certain Stipulations concerning the 
Further Refora of the S4T System” will contribute to even sore S&T personnel 
coming from these research organizations and academic institutions to set up 
high-technology risk enterprises. it will also help contribute to the 
formation of gore areas of high-technology concentration. In another regard, 











developing research organizations will progressively transfer their findings 
to enterprises, groups of enterprises, companies or key cities, etc. High- 
tech enterprises will spring up all ower China, and set up the conditions for 
creation of areas of high-tech concentration, especially of S&T organizations 
which are putting into application the sost advanced fields of S&T research 
(e.g-., electronic information, biotechnology, space technology, suclear 
technology and new saterials). Sefore long, this transfer of results to 
certain groups of enterprises and companies will very possibly produce a batch 
of high-tech enterprises sore effectively and speedily than the people-run 
research organizations, forging some high-tech concentration areas. Up to 
now, although sore than 10,000 research-production combination organizations 
have sprung up across China, still out of the several sillion enterprises 
nationally (including those in small towns), only a relative handful are 
participating. The great sajority of the enterprises are not following the 
research combination road, for a variety of reasons. In the present further 
reforsa of the S&T system, the sajority of research organizations will be 
transferring results directly to enterprises, enterprise groups, companies and 
key cities, which will inevitably involve research organizations with sore 
enterprises over a wider area. This in turn will bring cany of the existing 
enterprises into the research-production combination system. Use the S&T 
results we have to develop our enterprises, which will spur China's large- and 
medium-sized enterprises to use S&T to sake new changes. This will prosote 
the enterprises coming inte full play as the backbone of economic 
construction. This further reform of the SéT system will also open up a wide 
path for development of the low-level research-production combination. The 
policy of further relaxing the restrictions on S&T personnel will permit these 
personnel to corclude various forms of contracts with cities or with rural 
areas, or with enterprises. Moreover, it will give them precedence in sany 
aspects, such as taxes, credit and payments. This will certainly sobilize 
huge numbers of S4T personnel with creative spirit to sove to research 
organizations, and integrate the S4T abilities they have learned with 
production practice. It will move thes to set up research-production 
combination organizations, to change the image of our enterprises as producing 
poor quality products, and products which do not satisfy needs, with low 
econogic benefits. This will give impetus to the development of some 
businesses. 


If S&T research and economic construction are autually supportive, they can 
create a favorable, cyclical gechanisa for coordinated development. 
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NATIONAL DEVELOPMENTS 


TECHNOLOGY MARKET, MANAGEMENT BY PLANNING 


Qian jin KEXUEXUE YU KEXUE JISHU GUANLI [SCIENCE OF SCIENCE AND MANAGEMENT OF S&T] 
in Chinese No 5, May 87, pp 11-12 


[Article by Shi He [4258 3109] of the State Planning Commission's Economic 
Planning Research Institute] 


[Abstract] Development of technology markets cannot 

be separated from the guidance of management by planning. 
Comprehensive planning should take into consideration 

what is required in the way of funding and material for 

the technological progress of enterprises. Basically, 
management by planning consists of strengthening 
macroscopic guidance, perfecting various policies and 
measures, strengthening the guida~-< of programs and 
information, and thereby organica..v  «thesizing management 
of technology markets and management ., planning. 


[Text] China is ‘mplementing a planned commodity economy, with the 
development of any market inseparable from the guidance of planning. 
Technology markets are no exception. Today, technology markets are showing 
stagnation and hesitation, with some places even demonstrating a trend towards 
decline. There are of course many reasons for this, but one that is important 
concerns the management by planning currently in effect. Resolution of the 
situation should start with the following general areas. 


1. Strengthen Comprehensive Planning. Render Appropriate Funding Support. 


According to China's current system of management by planning, in the various 
objectives handed down to enterprises, there is no consideration given to what 
is required in the way of technological progress. Enterprises’ production 
assignments, fixed assets, amount of foreign exchange, supply of materials, 
etc., are all allocated on a “piecemeal” basis. When enterprises go into the 
technology markets or start to develop technological business transactions, 
the development of these transactions is correspondingly more difficult, due 
to a lack of appropriate funding and material provisions in the planning. In 
addition, the prorit level for many enterprises is relatively low, self- 
development is still difficult to maintain, and joint participation or 
entering technology markets is even beyond discussion. When planning agencies 
at all levels begin laying plans, they should retain a proportional amount in 
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reserve in such areas as funding allocations, investment goals, material 
supplies and amount of foreign exchange. This reserve will be used to 
encourage and support enterprises to begin development of technological 
business transactions. Precedence in planning should go to those enterprises 
which make an active start on developing technological business and are 
beneficial in technological progress. 


Il. Macroscopic Guidance of the Technology Markets Should be Strengthened. 


Strengthening the macroscopic guidance of the technology markets can be 
reflected and implemented in medium and long range planning. This is also an 
overall reform of one aspect of the system of management by planning. Today, 
all transactions are placed under the directional responsibility of the 
research system or the local administrative management organization before 
they are even entered into the plans; and this is done regardless of whether 
these are major transactions in a technology market or minor technological 
businesses. While this does mobilize units and localities in a positive 
manner, it is of no benefit in reforming macroscopic control. In technology 
markets, especially in major technological business transactions, there are a 
great many related aspects, including finance, credit, foreign exchange, the 
utilization of internal and external planning, even the evaluation of the 
micro-economic benefits of various technologies, etc. If macroscopic 
management and a comprehensive balance are not strengthened, then these 
problems will certainly influence the movement of the socialist, integrated 
marketplace, and affect the normal, positive situation of making fullest use 
of technology markets. 


III. Perfect the Policies and Measures on Projects. Strengthen the Guidance 
of Plans and Information. Organically Integrate Management of Technology 
Markets and Management by Planning. 


l. The source of the marketplace'’s intrinsic power lies in competition; and 
competition is of necessity a blind activity. This is especially the case in 


China today, where information work still does not correspond to the level of 
communications. In developing technology markets today, it is necessary not 
only to strengthen the guidance of macroscopic planning, but also to formulate 


a set of macroscopic management measures, in order to guarantee the healthy 
development of technology markets. 


2. Technology markets are something new, and any management carried out in 
this area is a new mission placed in front of planning work. In a capitalist 
market economy, all activities are regulated by price, and spontaneously 
effected. Moreover, in China's socialist commodity economy, which is a 
planned commodity economy, the total economic movement is planned 
proportionally, with every market activity subject to certain restrictions, so 
that it is in accord with the macroscopic and Long-term demands of developing 
the national economy. Technology markets are no exception to this, and should 
be brought equally into the erbit of management by planning. 


3. The principle service objectives of the technology markets are the 
enterprises: how to move the technological progress of large- and mediun- 
sized enterprises into the technology markets to tackle key national 
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technological projects. This is a future problem of the greatest magnitude 
for management of technology markets as well as an important problem of deep 
significance for the development of those markets. At the First National 
Trade Fair in May, 1985, there were projects from provinces, localities and 
counties which contained plans for basic construction, technological 
transformation, using technology to tackle key problems, etc. The majority of 
these entered the technology markets. k Contracts were concluded for 22 
projects valued at more than 10 million yuan, and 134 projects in the one 
million yuan range. These constituted 88 percent of the total volume of 
business officially transacted at the Trade Fair. But when viewed from the 
standpoint of contemporary management by planning, projects valued at more 
than 30 million yuan are still subject to review by national planning 
agencies, and the production, sales and profit goals of large enterprises are 
for the most part handed down from the national level. The result is that 
enterprises lack the intrinsic motive power that comes from competition. This 
must be regarded as a major obstacle to progress in expanding the technology 
markets. How do we organically synthesize planning and the technology 
markets? I propose that in the future we perfect a system for demonstrating a 
project's feasibility at its earliest stages; the agencies responsible for the 
demonstration should be independent research units, and a major part of the 
demonstration should include proof of technological progress. The 
determination of enterprises’ production, sales and profit targets should also 
be proven by a variety of agencies, and should be on scientific basis. 
Moreover, there should be planned goals for technological progress, in order 
to promote the technological interrelationship of enterprises, and make 
maximum use of the technology markets in completing plans. At the same time, 
in present and future economic development, planning agencies have superior 
sources of information; how to make fullest use of this superiority in 
management of technology markets also becomes a new mission in future planning 
work. 


4. Future Technology Markets Should Rely Chiefly on Self-Development. The 
Principle Features of Management By Planning Should Also be Incorporated In 
the Formulation of Policies, Measures and Management Methods. 


Technology markets should strengthen comprehensive management by planning, 
chiefly by strengthening the policy and measures aspect of management, with 
the purpose being to bring the technology markets into line with the demands 
of macroscopic economic planning, and develop healthily and smoothly. But in 
today's technology markets, the state controls the funds for regulation, so 
that many trade organizations involved in technology markets are “iron rice 
bowls” protected by the state. This does nothing to help development of the 
technology markets. For example, at the First Heilongjiang Technology 
Achievement Trade Fair held at Harbin in April, 1986, spending was estimated 
at more than 170,000 yuan, of which 150,000 was allocated by the province, 
20,000 yuan by the province's Economic and Planning Commission, and the 
remainder to be borne totally by the provincial S&T Commission in case there 
should be an overage. Doing things this way is possible during the initial 
Stages of technology markets, and can be of use for start-up publicity and 
guidance. But it cannot be disseminated this way in the future. And, if 
localities are to control the technology markets and encourage enterprises to 
start developing technological trade activities, they must immediately evolve 


81 








plans to cut costs and accumulate profits; considerable time and energy have 
been devoted to policies and measures in these areas. This does not conform 
to the demands of regulating the commodity economy and management by planning. 
It is also the result of the lack of management by planning for the technology 
markets. The basic principle which the markets adhere to is that the superior 
drives out the inferior. But if the normal course of things is for the state 
to furnish the money for developing activities in the technology markets, this 
can lower the rate of efficiency of technological trade organizations. It is 
also something that should not exist when shortages of funding or materials, 
or economic reform, require a less restrictive situation. Technology markets 
of the future should turn to perfecting self-development, with reliance on the 
state chiefly in the areas of policy, measures and information. Only in this 
way will the technology markets be more vital, following a newer and more 
efficient route. 


In short, technology markets are still very young in China. Resting upon 
economic construction, and especially on its relationship to management by 
panning, there are still a great many problems which require inquiry and 
perfecting. As the technology markets are developed and perfected, and linked 
with the needs of S&T and the economy, then they will be brought to a higher 
level of use. 
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NATIONAL DEVELOPMENTS 


PROGRESS NOTED IN INTEGRATION OF MILITARY-CIVILIAN S&T 
Beijing KEJI RIBAO in Chinese 5 Mar 87 p 2 


[Report by Huang Dong [7806 0392]: “We Are on the Right Track as We Shift the 
Military to the Civilian”] 


[Text] Design Institute No. 4 of the General Staff Engineering Corps has made 
the most of its own S&T advantages, and upholding the idea that “technology 
helps the people” has obtained clear social and economic results. 


This institute has been in existence for more than 30 years, it has a rather 
abundant technological capacity, had engaged in national defense engineering 
design for several years, and has accumulated a wealth of experience from 
which it has obtained many science research achievements. In the past they 
have only been responsible for military industrial tasking, but in recent 
years with the intensification of the restructuring of the science and 
technology system the institute leadership and technical personnel have been 
eager to leave military operations and contribute a certain strength to 
support of the local economic construction. 


First of all, they have made the most of their advantages in building 
construction and design, and have taken on responsibility for surface building 
projects. Over the past few years, among the projects they have accepted, 
there have been both the highest building in Beijing Municipality--the 50 
story Jingcheng Mansion, and also regular school buildings and residences. In 
the bidding for the two high-rise buildings that were the Jingcheng Mansion 
and the Beijing Municipality Activity Center for Older Cadre, dozens of firms 
were competing in the bidding, but this institute relied on its own technical 
advantages to overcome its opponents and win the bid. At present, the 
Jingcheng Mansion has broken ground and is being erected, and the Activity 
Center is also getting started. 


Next, they have taken S&T achievements already obtained as still other 
advantages, “liberating” them from the secret drawers for civilian use. For 
example, an automatic temperature regulated dehumidifier is being used for air 
conditioning equipment; an external water pump station self-regulating unit is 
being used to control the water tanks of the high-rise buildings; things such 
as electronically controlled shelter doors at civil air defense projects and 
ground iron are being used; diesel engines that automatically start up after 
power failures have an even greater future. . . Currently, their scientific 
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and technical achievements have been transferred to nine plants, the products 
are being sold domestically in 29 provinces, municipalities, and autonomous 
regions, and some of the products have entered international markets. This 
institute has shifted military industrial S&T achievements to civilian use in 
military-civilian joint construction activities. These joint construction 
activities brought new life to two township enterprises, the Fenghuoying Water 
Pump Plant in Daxing County, Beijing Municipality, and the Yanfeng Hydraulic 
Pipe Plant in Changping County that had been on the verge of closing, and both 
entities have been judged to be advanced units for military-civilian joint 
construction. People have called them the two flowers of military-civilian 
joint construction. 


In developing technical services, under the prerequisite of ensuring the 
completion of military industrial tasking, this institute is serving the 
region. In accordance with the on-again-off-again nature of military 
industrial tasking, institute leadership is scientifically engaged in 
organizing and arranging and is fully motivating the enthusiasm of technical 
personnel, which has allowed for a good record for military industrial tasking 
and for local service. Last year, in addition to the 118 planning items 
completed throughout the institute, another 79 tasks were done outside of 
planning. Economically, with service as its goal, this institute collected 
fees in strict accordance with national standards. For some public welfare 
projects for which they charged little or nothing, they served an old folks’ 
home, a kindergarten, and a factory of disabled persons, which actions were 
praised by the public. 


By initiating technical services outside their organ‘zation, they have not 
only supported local economic construction, strengthened the unity of the 
military and civilian, increased the income for the institute, but have 
tempered the S&T contingent for this institute, which has promoted scientific 
research. The comrades at this institute say with deep feeling that 
developing technical services for the area is a new action that has benefits 
for the state, the people, and the military unit, and that the path we have 
taken is a correct one. 
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NATIONAL DEVELOPMENTS 


NEW TAX POLICY FOR S&T BONUSES DETAILED 
Bei jing RENMIN RIBAO in Chinese 10 Mar 87 p 3 


[Text] Beginning 1 January 87, China began implementation of a new bonus 
taxation system for science research units. The State Science and Technology 
Commission and the Ministry of Finance recently jointly issued the “Notice 
Regarding the Science Research Unit Tax on Bonuses.” 


The notice says that independent science research units, in accordance with 
the fact that they are primarily engaged in science and technology activities, 
will be classified as technology development type, basic research type, and 
social and public welfare type. Science research units of the technology 
development type will progressively implement a technology contract system, 
research units of the basic research type will progressively implement a 
science funding system, and research units of the social welfare causes type 
will implement funding responsibility systems. In order to implement 
categorical management, for all types of research units a method will be 
implemented by which a limited amount of bonuses will be granted exemption 
from taxation and where a proportion of the allocations for research 
operations funding will be reduced. 


The notice allows the following categories for the amounts granted exemption 
from taxes for the entire year for all types of science research units: 


l. For science research units where the entire allocation for science 
research operating expenses has been reduced, for a l-year tax exemption is 
granted for a bonus amount equal to a person's average basic wage for 3.5 
months. 


2. For science research units where the proportion of allocation for science 
research operating expenses has been reduced by 70 percent or more, the amount 
of bonuses that is granted tax exemption for one year is equal to a person's 
average basic wage for 3 months. 


3. For science research units where the proportion of allocation for science 
research operating expenses has been reduced by 50 percent or more, but that 
is less than 70 percent, the amount of bonuses that is granted tax exemption 
for one year is equal to a person's average basic wage for 2.5 months. 








4. For science research units where the proportion of allocation for science 
research operating expenses has been reduced by 30 percent or more, but that 
is less than 50 percent, the amount of bonuses that is granted tax exemption 
for one year is equal to a person's average basic wage for 2 months.. 


5. For science research units where the proportion of allocation for science 
research operating expenses has been reduced by 10 percent or more, but that 
is less than 30 percent, the amount of bonuses that is granted tax exemption 
for one year is equal to a person's average basic wage for 1.5 months. 


6. For science research units where the proportion of allocation for science 
research operating expenses has been reduced by less than 10 percent the 
amount of bonuses that is granted tax exemption for 1 year, aside from those 
subject to provisions of the Ministry of Finance and the General Taxation 
Bureau, is equal to a person's average basic wage for 1 month. 


This new system has been implemented in accordance with the needs of the 
further intensification of the restructuring of the science and technology 
system. According to the overall deployment of the Party Central Committee 
and the State Council regarding the restructuring of the science and 
technology system, beginning [in 1986] China's science and technology 
allocation system began to undergo restructuring. During that process, 
science research units of the technology development type will gradually 
implement a technology contracting system, research funding from the state 
will be annually reduced, and it is estimated that this reduction will be 
completed during the period of the “7th Five-Year Plan"; science research 
units of the basic research type will progressively **~lement a science fund, 
and a portion of the former operating funds will be saifted to the fund; after 
obtaining income from lateral relations, science research units of the social 
welfare type will also offset part of their operating funding. 


The notice mentioned that the research expenses for research units of all 
levels will all be figured using the budget quotas when turning the accounting 
over to management by science and technology commissions at the same level. 
Before that transfer, research funding already reduced in allocation for 
restructuring experimental units as confirmed by the same level science and 
technology commission should be acknowledged, and this may be incorporated 
within the base amounts. Specific methods will be formulated by the State 
Science and Technology Commission. 


The proportion of allocations for science research funding that is reduced for 
all science research units will be appraised and decided upon by the relevant 
departments in accordance with methods drawn up by the State Science and 
Technology Commission, and will be reported to the same level science and 
technology commissions for examination and verification, the limits to the 
exemption from bonus taxes for that year to be appraised and decided upon by 
certification from same level tax departments. 


The notice resolves that that portion of the bonuses granted to science 
research units for a year that exceeds the amount that is exempt as provided 
above, shall be taxed in accordance with the above-quota graduated tax rates 
for bonuses. That portion of the amount for bonuses extended over the course 
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of a year that is in excess of the stipulated tax exempt amount by less than 
one month's basic wage shall be taxed on 20 percent; that portion that exceeds 
one gwonth but is within 2 months shall be taxed at 50 percent; that portion 
that exceeds 2 months but is within 3 months shall be taxed at 100 percent; 
and that portion that exceeds 3 months shall be taxed at 200 percent. 


Other items in tax management for science research units bonus taxation will 
be carried out in accordance with relevant provisions as issued by the 
Ministry of Finance. 
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NATIONAL DEVELOPMENTS 


KEHAI LEADS IN INTEGRATING S&T WITH PRODUCTION 
Tianjin JISHU SHICHANG BAO in Chinese 18 Feb 87 p 1 


[Report by Guo Wu [6753 2976]: “Taking the Path Toward the Integration of 
Technology, Industry, and Trade] 


[Text] Having only seven people and with borrowed funding of 100,000 yuan, 
after more than 3 years of struggle, the Beijing Municipality Kehai New 
Technology Development Center has now developed into a technological 
industrial entity that has seven directly affiliated companies, five 
technology development departments, one laboratory, one intermediary testing 
plant, one computer center jointly run with Japan, two enterprises jointly run 
with other domestic interests, and one technology training department, and 
this entity has a coordinated process of science and technology, production, 
trade, and scientific and technical training that is worth gore than 8 million 
yuan. How did it come to develop this quickly? What leading role did its 
method play as an intermediary organization in the technology markets? This 
reporter took along this question in a recent interview of Chen Qingzhen [7115 
1987 2182], general manager of this company. 


Chen Qingzhen is a civilian S&T industrialist who still maintains the gentle 
and stable demeanor of a Chinese intellectual. When this reporter inquired 
about the “Kehai” development process, Chen Qingzhen said that in its initial 
period, “Kehai” acted primarily as an “intermediary” in introducing a group of 
achievements of the Chinese Academy of Sciences to production departments. 
However, not long after beginning operations they discovered two problems, one 
being that if the intermediary's fees were low while their fee collection 
period was over a long time, “Kehai” had no way to accumulate capital, which 
then affected growth. The second was that when both the buyer and seller were 
dissatisfied, the science research academies and institutes were suspicious 
that enterprises were slow in accepting research achievements, the enterprises 
complained that the achievements of the institutes and academies were not 
mature, and “Kehai” found itself right in the middle between the two sides. 
Upon investigation of the reasons for all this, it was found that there was a 
great gap between the science research sectors and the production enterprises 
in terms of technology, and that the process lacked an intermediary conversion 
link. At that point we decided to take the path of secondary development, and 
begau to take out loans, purchase equipment, and do intermediary testing. 
After a period of time and testing, the achievements of the institutes were 
“ripened,” the result of which was not only the gaining of profit, but also 
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the development of technology, which allowed some laboratory technology to 
find application. We then put to good use the funds accumulated from the 
secondary development, plus our technological! advantages. At present we are 
not only developing, but are developing new products based on sarket demands, 
are training technical skilled personnel, and are allowing enterprises to sore 
easily absorb the “ripened” technology transferred to the enterprises by seans 
of technology shareholding, joint operations, and the transfer of rights. 


This reporter asked: I have heard that “Kehai” also sells products, so please 
explain this method to us. After just brief consideration, General Manager 
Chen said that in recent years as “Kehai™ has saintained new technology and 
new product development and technical services as its gain directions, the 
path it has taken is one that integrates technology, industry, and trade. We 
are simultaneously developing and researching new technology, sanufacturing 
new products, and selling some high technology products. The high technology 
products being sold are largely microcomputers, accompanying technical 
service, and technical training, through which at the same time as we are 
selling microcomputers, on the one hand we are transferring new technologies 
to factories and enterprises, and on the other we can more quickly realize an 
income that will promote our efforts in technology development. We have in 
our operations things that are compensated and things that earn money, and ve 
are both paying close attention to economic results and also to social 
results. The substance of our cperations comes from the marketplace, and it 
also serves the marketplace. Technology research and development and product 
manufacturing, as well as the cevelopment of trade, are all part of a systen. 
If these are artificially split it would certainly lead to new rifts which 
would not be advantageous to technological progress for all of society. 


This reporter also asked how tax revenue is handled when “Kehai” deals with 
technology, industry, and trade all together. General Manager Chen said that 
that is done in strict accordance with national policies on finances and 
taxes, and that what should be taxed is taxed, what should be given special 
favor is given special favor, and that everything is dealt with in accordance 
with categories. 


Finally, this reporter said that their methods have had an excellent guiding 
effect on intermediary organizations for the technology markets. General 
Manager Chen said modestly that we came into being through circumstance, and 
had no chance for a summing up. Practice has shown us that these days if the 
achievements of the science research sector are to be transferred to the 
factories, there must be an intermediary conversion before the true value of 
the research achievements can be realized. For purposes of our own survival 
and growth, the integration of technology, industry, and trade is the better 
path. 


An aim toward the high technology markets while on the path that integrates 
technology, industry, and trade has been one of the experiences in the success 
of “Kehai.” This tells people that if intermediary organizations in the 
technology markets are not only to facilitate relations between the two 
parties buying and selling technology in terms of information, but must also 





adopt various seans of resolving the gap between the science research sector 
and the production enterprises, this can all be done through the seans where 
technology leads production, where products lead technology, where operations 
are unifors, and where those organizations are responsible for their own 
profits and losses. 
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NATIONAL DEVELOPMENTS 


FEASIBILITY STUDY FOR 20,UU0-DWT COAL CARRIER 


Shanghai ZAOCHUAN JIScU [MARINE TECHNOLUGY, in Chinese No 2, 16 Feb 6&7 
pp i8-2i 


[Article by Sun Guanger [1327 0342 UUS9), Chen Dawei [7115 6671 0251), 
Huang Zongjian [7606 1350 1696), and Zhu Chongxian [2612 1504 6343): 
“Exploring the Feasibility of a 20,000 DWT Coal Carrier Built by the 
Mawei Shipyard”) 


[Text] Preface 


The Mawei shipyard has a long history of 120 years. Since its 
construction, it has made very great contributions tu China's navy and 
wearitise shipping and the growth of shipbuilding and repair. Since 
1963 in particular, it has built 5,000 dwt owlk and dry cargo freighters 
anc 3,000 dwt oil tankers and is currently constructing technologically 
complex dredgers and the lvU-year old yard is regaining its youth. As 
China's 14 coastal port cities further open up, Fuzhou has decided to 
open up @ new area in Mawei's economy and technology. The Mawei 
shipyard is the oldest and largest scale enterprise in this area ana 
history has bestowed on her a gore important mission. Fujian has a 
coastline of over 3,000 Kilometers, including many excellent harbors, 
and for a long time has been an important maritiae shipping base for 
China both domestically and abroad. Fujian wants to develop and the 
shipbuilding industry is an important lina. The Fuzhou Thermal Power 
Plant is currently under construction and when the power station is 
completed it will require over 1 aillion tons of coal per year. Fujian 
has decided to build its own fleet for shipping anc tne fleet will be 
mace up mainly of 20,000 owt coal carriers. if the Mawel shipyard can 
ovild snips of this scale, then Fujian can carry out its goal of “self- 
built, self-shipped, economic benefits cowe to us.” However, can the 
Mavei shipyard build 20,000 dwt ships? What are the conditions 
necessary and what are the technological reforms that need to be carried 
out? This should be scientifically analyzed seexing truth from facts. 


This paper explores the feasibility of building @ 20,000 dwt coal 
carrier at Mawei shipyard from the aspect of the necessity and the 
scaie, prigary disensions, and technological reform seasures. 











Tne Necessity of Fu,ian Building a 20,000 Del Coal Carrier 


The Fuzhou Thermal Powers Plant is being Duilt in the ares east of 
Chanlechou on the bank opposite Mawei. The ratec capacity for the first 
period will ce 2 x 250 «as and it will be completed and go into operation 
in the second half of 1966. The annual coal consumption will be about 
1.7 gwillion tons and caily coal consumption, 6,300 toms. Fujian is a 
coal-poor province and combined with other energy consumption, in the 
near tera the province's annual coal co~suaption will be over 3 ail 
tons, 2ii of which oust bce shipped by sea from Yinhuaengdso to Mawel, a 
distance of 1,130 an allies. bith regular shipping lines and shipping 
volume, Fujian will need a fleet built by itself to obtain good economic 
benefits. To explore the optigaum ship type suited to this route, 
channel and load, the Shanghai Ship Design Academy and the Fujian 
Steamship Co. both carriec owt demonstrations and feel that a typical 
coal carrier of 20,000 dwt will do. 


The tadle below is an analytical comparison of the coal-carrying 
economics of 12,U0U wet and 20.000 dwt ships. 





Snip type i2,U00 owt 2U,UUU dwt 
Item 





lovestment return 
period Y-iU years »-6 yeats 
(at 46.U32% apr) 





Internal income rate i-4 percent 15-16 percent 





Necessary freight rate 16-17 yuaen/ ton id-lj yuan/ton 





From this it is clear that the economics of a 20,000 dwt ship are far 
areatet than those of a i2,UUU0 dwt coal carrier. Thus. the Mawei vard 
snould go its utmost to / a way t duiid 2U.UUU dwt coal carrictfs. 


20,000 DWT Coal Carrier 


when designing and planning a 20,000 dwt coal carrier type the following 
areas should be taken into consideration: 


(i) It should satisfy the demands of the Mawei ship channel, paying 
attention especially to the features of the small reaches and high tides 
of the Minjiang channel when determining the ship's draught. 








(2) Increase the loaded weight possible to lower shipping costs. 




































(3) The construction capabilities of the Mawei shipyard and the 
commonality of the dry-docks in the neighboring areas should be taken 
into consideration in the ship's primary dimensions. 


(4) The shortage of funds and the rising interest rates should be taken 
into account and when designing, reducing shipbuilding expenses, 
improving management economies, and shortening investment return period 
should be considered as much as possible. 


Through design analysis, the following primary parameters could be 
adopted for the 2U,U0U0 dwt coal carrier: 


Length overall 164 m 

Length pvetween perpendiculars 154 w 

beam 23 m 

Height 13 m 

Designed draught 9 mu 

Deadweight capacity 2U,4VU0 tons 

Main engine model 6 RTA38+GCH 900 gearbox 
Maximum continuous operation 5,270 hp x 196/100 r/min 
Continuous service operation 4,743 hp x 189/95 r/min 
Primary engine daily oil consumption 14.8 tons 

Deadweight tonnage/primary engine work ca 4 tons/hp 

Speed 12.5 kn 


The ship type is a steel, single-deck, spherical stern, single-screw, 
stern engine diesel bulk carrier; the ship is not designed to carry 
equipment but is a special coal-carrier and its other indicators are all 
relatively economic. A small cylincer diameter, low speed engine of 
rather light weight was chosen for the main engine arid with gear reducing 
the screw rotation was lowered which has the advantages of ease of 
installation and high efficiency. 


To make the indicators even more economical, unnecessary equipment 
should be reduced as much as possible to achieve the goais of simple, 
reliable, practical, and economical. The ship's empty weight should be 
kept within 5,500 tons and its iaunch weight should be kept at abdout 
4,2VU0 tons. 


The exterior of the ship is as indicated in the figure. 

Construction Feasibility Analysis 

l. Present state of the shipyard 

The existing 5,000 dwt shipway in the Mawei shipyard was begun in 1970. 


In 1986 the shipway was extended 35 meters at the upper end so that 
overall length is 195 meters, of which the slipway is 40 meters. The 








slipway slope is 1/22, etfective width is 1.1 meters, center distance is 
6 meters, and the entire shipway width is 23 meters. 


A slipway of less than 80 meters is plate beam plinth construction and 
designed shipway line load is 52 t/m. Structural foundation of the 
shipway between 50 and 160 meters is j;oor and generally requires densely 
set piers to reduce deformation. An extended 35 meter shipway also is 
of plate beam plinth structure ana has a 52 t/m shipway line load. 


The waters in the slipway area are wide, being 550 meters from the end 
of the slipway to the breakwater on the opposite shore. According to 

measurements, when the tide is at 4.6 meters, the depth of the entire 

waters is ovez 7 meters and can reach 9.5 meters within 150 meters of 

the end of the slipway. 


Tne shipway's single side has two 40 ton overhead cranes. The crane's 
reach is 10 meters over the center line of the shipway and combined they 
have a lifting capability of 40 tons. The Mawei shipyard also has one 
25 ton crane located in a second smaller shipway. The pier also has one 
15 ton crane. 


Available segmented zhuanghan [5944 3549] platforms include one 17 
meters x 100 meters and is equipped with three movable work tents; the 
second is a 25 meter x 60 meter exposed platform inclined in the 
direction of the high end of the large slipway; the third is an 8 meter 
x 200 meter exposed platform in the range ot the 25 ton crane in the 
small shipway. In addition to the above described site, the shipyard 
also has room for constructing zhuanghan platforms. 


The ship outfitting equipment wharf was originally 100 meters long, but 
has now been extended 175 meters upstream and the completed wharf will 
have an overall length of 275 meters, in the main channel of the 
Minjiang in a depth of more than 7 meters. 


2. Technology reform measures 


On the basis of the present situation described above the shipyard's 
Shipway and ship outfitting equipment wharf is beginning to have the 
scale for constructing 20,000 dwt ships; but the crane equipment needs 
further capital reform. We propose that another 100 ton crane be added 
on the other side of the shipway, i.e., between the shipway and the 
dock. One of the two 40 ton cranes should be moved to the site of the 
25 ton crane for equipping the small shipway and at the same time, the 
25 ton crane should be moved to the wharf area. After readjustment and 
redeployment, the two shipways and wharfs will have the capability of 
greatly improving production at the same time. The newly installed 100 
ton crane not only will resolve the need for assembling large sections 
in the shipway but also can increase the lift capability for dock 
projects and thus expand the economic benefits of large ship repair. 


94 





Currently the Mawei yard's coating technology is still at the backward 
State of manual] sandblasting to remove rust and manual painting and 
altnough some pressure spraying equipment has been adopted to uncover 
some shipbuilding potential and inspection techniques for paint 
thickness have been improved, the problem of preprocessing steel has not 
yet been resolved. Taking into consideration the volume of steel 
processed by the Mawei shipyard annually and the needs of neighboring 
shipyards in the province, we propose a steel pzowan [2141 0029] 
preprocessing pipeline capable of handling approximately 10,000 tons of 
steel per year. 


There is still a large gap in hull machinery processing equipment for 
building 20,000 dwt ships and the plate rolling and rib cold-bending 
capabilicy urgently needs improvement. We propose processing of a rib 
cold bending machine which can process No 27 qiupian [3808 2078] steel 
(existing processing level can only process gqiupian steel below No 20) 
and a three-high bending machine should be able to process 24 mm thick 
plate. 


Lunji [6544 2623] tube-bending equipment is also inadequate, and there 
is also a gap in electroplating and such project sets. In the short 
term there must be investment in reform in order to accelerate the 
improvement of production capacity. 


In addition, sensible production flow and layout should also be 
implemented. 


3. Level of industrial technology 


In the long shipbuilding history of the Mawei shipyard, talented people 
have cowe forth in large numbers, it has accumulated a great wealti of 
experience and it has a correspondingly superb level of industrial 
technology. 


In the early seventies it built China's largest 3,000 dwt steel 
reinforced concrete ship. In 1983 it also actively started 
technological cooperation with the Jiangnan shipyard and successfully 
built the first 5,VU00 dwt bulk cargo ship, the "Gaishan." In recent 
years while continuing to cooperate with the Jiangnan shipyard, it has 
invited Japanese shipbuilding specialists to come to the shipyard to 
guide and improve enterprise management; it imported Dutch dredgers and 
also obtained the guidance of Dutch shipbuilders in construction and 
there have been more advances in industrial technology. Such new 
technology in hull construction as digitally controlled cutting, non- 
overmeasure equipment, and launching without a bow support have been 
widely adopted. A welding training center is continually testing new 
welding methods and has applied them very well in large scale cast steel 
Sternpost and in the welding of a pedestrian overpass steel structure in 
the Fuzhou City area, revealing the first class welding technology of 
the Mawei saipyard. In addition, in the continual practice of 
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comprehensive lofting and cabin type development it has made encouraging 
advances in such areas as segmented pre-ship outfitting and single 
element zuzhuang [4809 5944]. 


Making a comprehensive survey of the level of industrial technology, we 
can see that some have reached or are close to domestic advanced 
standards and some are still behind similar enterprises and should be 
continually improved in practice from now on. 


4. Enterprise management 


In recent years with the construction of three 5U0 dwt cargo ships, one 
3,000 awt oil tanker, and some other ships, the Mawei yard has gone from 
loss to profit, and in 1985 leaped to first place among advanced 
enterprises in the province. However, current average value of 
production for all staff and workers is 10,000 yuan/per capita and 
although the level of enterprise management has improved, a great deal 
of effort is still needed. 


Enterprise management involves a multitude of things of which 
shipbuilding management is a weak link. The problems of a long 
shipbuilding product cycle and high costs have not been very well 
resolved. There is an intimate relationship between work in such areas 
as how better to mobilize production and dispatch and technology and 
processing and harmonize and coordinate them and readjustment of 
organization, clarification of functions and improving the quality of 
personnel. 


Conclusion 


Through the above analysis of the need for the Mawei shipyard to build 
20,000 dwt coal carriers, the selection of ship type and primary 
dimensions, the present station of sliipyard equipment end measures for 
technological reform, the level of industrial processing technology and 
enterprise management we feel that it is possible for the Mawei shipyard 
to build 20,000 dwt coal carriers as long as some necessary 

technological reforms are carried out and it can reap the economic 
penefits of low investment and large results. 
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PHYSICAL SCIENCES 


A DUALITY THEOREM FOR THE REVERSAL-SPACE ON OFF-LINE NONDETERMINISTIC TURING 
MACHINE 


Beijing SHUXUE XUEBAO [ACTA MATHEMATICA SINICA] in Chinese Vol 30, No 2, 
Mar 87 pp 258-263 


[Article by Li Lian [2621 1670], Lanzhou University] 


[Abstract] In computational theory, a class of important problems includes 
the duality problem of circulation and space. Let f*(n) and g*(n) be two 
function groups; f*(n)<g*(n). When f(n) and g(n) are greater than or equal 
to n, the off-line nondeterministic Turing machine of an f*(n) circulation 
and a g*(n) space can be simulated with an off-line nondeterministic Turing 
machine of an f*(n) circulation and a g*(n) space can be simulated with an 
off-line nondeterministic Turing machine of g*(n) circulation and f*(n) 
space. Moreover, the paper discusses the circulation--space duality problem 
of single- and multi-band nondeterministic Turing machines. The first draft 
of the paper was received on 15 April 1985; the revised draft was received 
for publication on 20 October 1986. 
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CHAOTIC BEHAVIOR OF THE ONE-SIDED SHIFT 
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Mar 87 pp 284-288 


[Article by Zhou Zuoling [0719 0155 7325], Department of Computer Science, 
Zhongshan University] 


[Abstract] As is well known, there is no consensual mathematical definition, 
thus far, on chaos research. For total differential and differential one- 
sided systems, general definition of chaos includes the existence of the 
Smale horseshoe and the transversal homoclinic point; however, the chaotic 
behavior of a difference (one-sided) system is delineated by the well-known 
Li-Yorke Theorem. As proven in this paper, a one-sided shift is chaotic in 
the Li-Yorke sense. Later, the author and his colleague will prove that 
autohomo-kernel also has a similar property. Thus, the above-mentioned 

chaos pertains to the total differential system and the differential 
autohomo-kernel system as the chaos in the Li-Yorke sense. As is well known, 
the Smale horseshoe and the transversal homoclinic point include the topology 
conjugate of the subsystem and the one-sided shift. As revealed in the 
author's research, the one-sided shift (autohomo-kernel) is a useful tool in 
studying chaotic phenomena. The first draft of the paper was received on 

2 February 1985; the revised draft was received for publication on 18 July 1986. 
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